Gravatt, Dan

From: Tapia, Cecilia

Sent: Monday, June 30, 2014 11:56 AM

To: Campbell, Todd; Mahler, Tom; Hooper, Charles A.
Cc: Gravatt, Dan; Field, Jeff

Subject: FW: Eberline BMAC report

Attachments: 1405116.xIs; 1405116.pdf

Todd, for the BMAC site file

From: Washburn, Ben

Sent: Monday, June 30, 2014 11:09 AM
To: Tapia, Cecilia; Field, Jeff; Gravatt, Dan
Cc: Carey, Curtis; Peterson, Mary
Subject: FW: Eberline BMAC report

Dawn just sent this over — she says this is another sample analysis of the drainage ditch at BMAC.

Benjamin M. Washburn
Public Affairs Specialist
EPA Region 7

(913) 551-7364

From: Dawn Chapman [mailto:dmcteacher@gmail.com]
Sent: Monday, June 30, 2014 10:58 AM

To: Washburn, Ben

Subject: Fwd: Eberline BMAC report

From: :
Date: Thu, Jun 26, 2014 at 1:06 PM

Subject: Eberline BMAC report

To: Dawn Chapman <dmcteacher@gmail.com>
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REPORT OF ANALYSIS

WORK ORDER #14-05116-OR

June 26, 2014

EBERLINE ANALYTICAL/OAK RIDGE LABORATORY
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EBERLINE

STANDARD OPERATING PROCEDURE

SERVICES

Sample Receiving

MP-001, Rev. 13

Effective: 10/31/13

Page 14 0f 15

Eberline Services — Oak Ridge Laboratory
LABORATORY DATA SUPPORT CHECKLIST

Eberline Services Work Order #

MP-001-3

14-05116

The checklistitems listed below are to be initizded by appropriate staff upon completion/verification.

Date for Partial Initials Date Initials Checklist tems

128/ 16 Sample Log-in
(,]5/ H Jg Data Compilation

/é//éj A LT First Technical Data Review
(o\n\t \W Second Technical Data Review

| ) Data Entry/Electronic Deliverable
24 L//7

o (‘b Case Narrative

P
2

Electronic Deliverable Proof

) e,

4lss

i

Samples yzed within Hoiding Time
!_QDEL—I 1

i ! Ju%qn Yes? No?
sl MSk— | amagkeren

7 Client in Possession of Data
OLfr1iiy 6*-)'!' | Electronic or Hard Copy

Invoiced by Laboratory

Technical/Clerical Corrections, Signatures Needed, Problems, Efc

Date/Initials

Date package approved by:

2y )t

Laboratory Manager

Date

Radiochemistry Services

%20
Lo



SECTION I

CHAIN OF CUSTODY




14-0511%

CHAIN OF CUSTODY

ANALYTICAL SERVICES INC. Toll Free: 1-800-668-0639 Page ‘ of
5555 North Service Road Tel: (905) 332-8788 I
Burlington, Ontario L7L 5H7 Fax: (905) 332-9169 ANALYSIS REQUESTED
‘ \ ]
Company Name: S
CLIENT Project Manager: merO KG *‘ 0 Ff N %J“ S
INFORMATION address: A Summer Street # 14 nlS I 5_
X / L =
NMatick Ma 01760 Q|4 d REC'D MAY 282014 (Ef
Phone #: 5O¥ 319 Y33 Fax #: 9 3) 5 i
. o~ 8
Sampled by: OQ_ V’l\ y\ _;_’ ;o,
V© . -
PSC Field # - N ™ 2F
Use Only Sample ID Bottles Matrix Date Time N NN 32
. bmpcpooy 4 U skHy XXX
0 . REwm®cooop ¢ \ $leHy o0 X<
; |
TAT (Turnaround Time) ' PROJECT INFORMATION SPECIAL DETECTION LIMITS REMARKS
RUSH TAT MUST HAVE . . ) / ViNe
PRIOR APPROVAL Project #: w / Hiverz
*some exceptions apply Site: Misa 4
please contact Lab )
STD 10 Business Days Q PO#: SPECIAL REQUIREMENTS / REGULATIONS |
RUSH 5 Business Days 1 | PSC Quote #: &‘\’“ <o QCD
RUSH 2 Business Days PSC Proiect #: ,
RUSH 1 Business Days ject®: W"N{, 7 ¢ H * Lag
Other Business Days PSC Contact: ‘ - .
1 Rec'd By: ‘ '
Client Signature: M‘——-—\ Received By: Xmmﬁm&aﬁw S
ation: Z Affiliation: _Elper L1ne. T
Q/JAM/IIH  J05p Date/Time: _5[28/I4 1O X ‘ '

yf\MHITE LAB/YELLOW - CLIENT SEE OVER FOR COMPLETION & SAMPLING INSTRUCTIONS



&

Internal

Work Order #

Lab Deadline

14-05116

Services Chain of
. Analysis -
Oak Ridge Laboratory Cust d ay UUISO - Level 4
usto y Sample Matrix Soil/Solid
Sample HP 210 / 270 Storage
comments Fraction Detector Activity Location
04 59 E1.3
05 49 E1.3
Location (circle one) Initials Date
‘\ A
Received by Sample Storage W Prep Separations Count Room I).}D %7 54 S: lg, / \-f
: N -
Relinquished by Sample Storage @ Prep Separations Count Roomc)) Si . -
— kvw, 54 5-29-1¢
Received by Sample Storage Rough Prep ﬂ Rrep > Separations Count Room
Relinquished by Sample Storage Rough Prep Separations Count Room
Received by Sample Storage Rough Prep Prep C Separations > Count Room
Relinquished by Sample Storage Rough Prep Prep @;t:;r:’ Count Room
T,
.~
Received by Sample Storage Rough Prep Prep Separations /@W C/ & / ,/L——/g L
Relinquished by Sample Storage Rough Prep Prep Separations "/@ \(% .
(o)S |4 ISTO
Received by Sam;‘le !@ Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room

%1 ;gfg’
ibnds EINQIONAA A4-DE ARA ﬂig § o]



Internal

] \»/}/f)rk Orderm#-m 1 4-051 1 6

@ EBERLINE : Lab Deadiine 6/18/2014
Services Chain of
. Analysi -
Oak Ridge Laboratory Custod ysis ThiSO - Level 4
U S O y Sample Matrix Soil/Solid
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 59 E1.3
05 49 E1.3
Location (circle one) Initials Date
A
Received by Sample Storage (_wamp\ Prep Separations Count Room /J‘}() v )
- foy sy 81
Relinquished b Sample Storage Rough Prep Prep Separations Count Room N e~
v (romnern : OIS Wy o0y S29-1Y
i i
Received by Sample Storage Rough Prep Separations Count Room jl . )E * A 015{
Relinquished by Sample Storage Rough Prep arations Count Room EBM/
. [ 4
Received by Sample Storage Rough Prep Prep @E@Q Count Room M g;; O’I"/ 09 i S—
S 4
Relinquished by Sample Storage Rough Prep Prep @m Count Room W 6’ 547 Uq,d)
2y
Received by Sample Storage Rough Prep Prep Separations Wm w V@;C’
i - [ 4 -
Relinguished by Sample Storage Rough Prep Prep Separations '/@ (Cb a lg I
- I Ao (=
Received by Sam@ Raugh Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room

=l
b
£l



Internal

Lab Deadiine

“ YVork Order # 1 4-051 1 6

SERVICES Chaln Of
. Analysis -
Oak Ridge Laboratory Cust d 4 GLEPS - Level 4
u S 0 y Sample Matrix Soil/Solid
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 59 E1.3
05 49 E1.3
Report Pb210
Location (circle one) Initials Date
%
Received by Sample Storage Rough Prep Prep Separations Count Room /)30 kl ;M 5 l? ,gf
[4
Relinquished by Sample Storage Rough}rep Prep Separations Count Room / C) ~ -
24 Yergsety S Q81
Received by Sample Storage Rough Prep Prep Separations w ‘ N % /b
s\a3 D
Relinquished by Sample Storage Rough Prep Prep Separations w l ¢ / \‘1
iy Si24/)4 14sO
Received by Saﬂw Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room

o BEmsD
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, Client Name ___ContractPO___  ProjectType | Date Received ]~ Required Turnaround Days [ A A A
Boston Chemical Data Corp. ENV Environmental 05/28/2014 28 14-05116
ProjectName Client WO Sample Disp Lab Deadline | Internal Deadline ent Deadline
ENV Bridgeton/alvarez M 06/18/2014 06/24/2014 06/25/2014
3
Internal ID Client ID Sample Date | Matrix Storage o
01 LCS 05/28/14 so E1.3
02 BLANK 05/28/14 SO E1.3
03 DUP 05/28/14 SO E1.3
04 BMAC0004 05/27/1400:00 | SO E1.3
05 BMAC(0008 05/27/14 00:00 | SO E1.3
0
0
0
0
[
0
[+]
[}
(4
0
0
[}
[
[}
0
Totals Per Analysis (non QA samples) 2 2 2 © oo o 0 0 [ ] 0 o o0 o0 0 o 0.0 0 1] ] L]
{nvoice Marco Kaltofen Report Data Marco Kaitofen
Boston Chemical Data Corp. Boston Chemical Data Corp.
; Oak R|dge Laboratory 2 Summer Street Suite 14 2 Summer St, Suite 14
@ E BER L_l N E: i 601 Scarboro Rd. Natick, MA 01760 Natick, MA 01760
i i SERVICE S Oak Ridge, TN 37830
Voice 508-314-9334 Voice 508-314-9334
Sample Log In Report Voice: (865) 481-0683 Fax Fox
Fax: (865) 483-4621 Contact Marco Kaitofen
Voice 508-314-9334
Fax
il
2
sty

G Printed: 5/28/2014 11:35 AM




1 EBERLINE STANDARD OPERATING PROCEDURE

BERVICES -
Sample Receiving

MP-001, Rev. 13
Effective: 10/31/13

Page 130f 15

Eberline Services — Oak Ridge Laboratory

SAMPLE RECEIPT CHECKLIST
s » MP-001-2

140510

by

WORK ORDER #
SAMPLE MATRIX/MATRICES: (CIRCLE ONE OR BOTH)
AQUEOUS  (NON-AQUEOUS>
(CIRCLE EITHER YES, NO, OR N/A)
WERE SAMPLES:
Received in good condition? @ N
if aqueous, properly preserved Y N
WERE CHAIN OF CUSTODY SEALS:
Present on outside of package? @ N
Unbroken on outside of package? @ N
Present on samples? @ N
Unbroken on samples? @ N
Was chain of custody present upon sample receipt? @ N

IF THE RESPONSE TO ANY OF THE ABOVE IS NO, A DISCREPANT SAMPLE RECEIPT REPORT

(DSR) HAS BEEN ISSUED.

REMARKS:

sienature: Kool o u&&fw paTe: S[28/14

Copy No.

Radiochemistry Services
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EBERLINE

EBERLINE ANALYTICAL CORPORATION
60! SCARBORO RoAD

OAK RIDGE, TENNESSEE 37830
SERVICES PHONE (8635) 481-0683
Fax (865) L83-462!

EBS-OR-37455
June 26,2014

Marco Kailtofen

Boston Chemical Data Corp.
2 Suymmer St., Suite 14
Natick, MA 01760

CASE NARRATIVE
Work Order # 14-05116-OR

SAMPLE RECEIPT

This work order contains two soil samples received 05/28/2014. Both samples were analyzed for Isotopic
Uranium, Isotopic Thorium and Lead-210 by Gamma LEPS.

CLIENT ID LABID
BMACO0004 14-05116-04
BMACO0008 14-05116-05
ANALYTICAL METHODS

Isotopic Uranium was analyzed using Method EML U-02 Modified. Isotopic Thorium was analyzed
using Method EML Th-01 Modified. Gamma LEPS was performed using Method LANL ER-130
Modified.

ANALYTICAL RESULTS

Combined Standard Uncertainty is reported at 2-sigma value.

ISOTOPIC URANIUM

Samples were prepared by removing representative aliquots followed by mixed acid digestions and
dilutions as appropriate. An aliquot was taken from each dilutions and Uranium was selectively extracted
by ion exchange. Uranium was eluted, micro-precipitated and mounted on micro-porous filter media.
Sample activities were then determined by alpha spectroscopy using energy specific regions of interest for
Uranium-234, Uranium-235 and Uranium-238. Chemical recovery was determined by the use of a
Uranium-232 tracer. Activity of the Uranium-232 tracer was determined by alpha spectroscopy using an
energy specific region of interest.

Samples demonstrated acceptable results for all Uranium analyses. Chemical recovery was acceptable for
all samples. The Uranium-234, Uranium-235 and Uranium-238 method blank demonstrated acceptable
results, Results for the Uranium-234 and Uranium-238 duplicate demonstrated an acceptable relative
percent difference and normalized difference. Results for the Uranium-235 duplicate demonstrated a high

Page 1 of 2
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ANALYTICAL RESULTS CONTINUED

ISOTOPIC URANIUM CONTINUED

relative percent difference; however, normalized difference is within acceptable limits for the analytical
technique. Results for the Uranium-234 and Uranium-238 laboratory control sample demonstrated an
acceptable percent recovery.

ISOTOPIC THORIUM

Samples were prepared by removing representative aliquots followed by mixed acid digestions and
dilutions as appropriate. An aliquot was taken from each dilutions and Thorium was selectively extracted
by ion exchange. Thorium was eluted, micro-precipitated and mounted on micro-porous filter media.
Sample activities were then determined by alpha spectroscopy using energy specific regions of interest for
Thorium-228, Thorium-230 and Thorium-232. Chemical recovery was determined by the use of a
Thorium-229 tracer. Activity of the Thorium-229 tracer was determined by alpha spectroscopy using an
energy specific region of interest.

Samples demonstrated acceptable results for all Thorium analyses. Chemical recovery was acceptable for
all samples. The Thorium-228, Thorium-230 and Thorium-232 method blank demonstrated acceptable
results. Results for the Thorium-228, Thorium-230 and Thorium-232 duplicate demonstrated an
acceptable relative percent difference and normalized difference. Results for the Thorium-228, Thorium-
230 and Thorium-232 laboratory control sample demonstrated an acceptable percent recovery.

LOW ENERGY PHOTON SPECTROSCOPY (LEPS)

A representative aliquot from each sample was placed into a Petri geometry container. Samples were
then counted on a planar, low energy photon spectroscopy (LEPS) detector.

Samples demonstrated acceptable results for all Lead-210 analyses. The Lead-210 method blank
demonstrated acceptable results. Results for the Lead-210 replicate demonstrated an acceptable relative
percent difference and normalized difference. Results for the Americium-241 and Cobalt-57 laboratory
control sample demonstrated an acceptable percent recovery.

CERTIFICATION OF ACCURACY

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both
technically and for completeness, for other than the conditions detailed above. Release of the data
contained in this hard copy data package has been authorized by the cognizant project manager or his/her
designee to be accurate as verified by the following signature.

M.R. McDougall
Laboratory Manag

Date: 6/26/2014

Eberline Analytical wants and encourages your feedback regarding our performance providing radioanalytical services. Please
visit hitp//www.eberlineservices.com/client.htm to provide us with feedback on our services.

Page 2 of 2
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SECTION IV

ANALYTICAL RESULTS SUMMARY



Printed: 6/26/2014 9:39 AM Page 1 of 2

. -Report Ta: - I L Work Order:Details:
Eberline Ana Iytical Marco Kaltofen spe:; 14-05116
. i Boston Chemical Data Corp. Project: Bridgeton / Alvarez
Final Report of Analysis " 2 Summer St, Suite 14 Analysis Category: | ENVIRONMENTAL
Natick, MA 01760 Sample Matrix: S0
";;’ S:TFEE Cll'gm Sg’:& te Rg‘:ft A“gg:‘s B‘:S:h Analyte Method Result cu csu MDA 'ﬁr‘]’l‘l’:
14-05116-01 LCS KNOWN 05/28/14 00:00 5/28/2014 | 5/28/2014 ; 14-05116 | Americium-241 LANL ER-130 Modified 3.72E+03 1.30E+02 pCifg
14-05116-01 LCS KNOWN 05/28/14 00:00 5f28/2014 | 5/28/2014 | 14-051186 Ccbalt-57 LANL ER-130 Modified 1,18E+03 4 88E+01 pCifg
14-05116-01 LCS SPIKE 05/28/14 0000 52872014 | 5/28/2014 | 14-05116 | Americium-241 LANL ER-130 Modified 3.74E+03 3.62E+02 3.81E+02 1.20E+01 pCifg
14-05116-01 1C8 SPIKE 05/28/14 00:00 52812014 | 5/28/2014 | 14-05116 Cobalt-57 LANL ER-13¢ Modified 1.30E+03 1.19E+02 1.26E+02 2 15E+01 pCifg
14-05116-02 MBL BLANK 05/28/14 00:00 5/28/2014 | 5/29/2014 | 14-05116 Lead-210 LANL ER-130 Medified -2.57E+00 3.91E+00 3.91E+00 2.07E+00 . pCifg
14-05118-03 DUP BMACO0004 05/27/14 00:00 512812014 | S/28/2014 | 14-051186 Lead-210 LANL ER-130 Modified 9.01E+00 1.36E+00 1,39E+00 1.13E+00 pCi/g
14-05116-04 oo BMACOQD4 05/27/14 00:00 5/28/20414 | 5/28/2014 | 1405116 Lead-210 LANL ER-13Q Madified 1.09E+01 1.53E+00 1.57E+00Q 1.1CE+Q0 pCilg
14-05116-05 TRG BMAC0008 05/27114 00:00 5/28/2014 | 5/29/2014 ¥ 14-05116 Lead-21¢ LANL ER-130 Modified -2.25E-02 5.81E-01 581E-01 4.30E-01 pGifg
14-05116-01 LCs KNOWN 05/28/14 0000 512812014 | 6/5/2014 14-05116 Thorium-228 EML Th-01 Moedified 4 .97E+00 1.79E-01 pCifg
14-05116-01 Lcs SPIKE 05/28/14 00:00 5/28/2014 | 6/5/2014 14-G5116 Thorium-228 EML Th-01 Modified 4 66E+00 7.84E-01 8,98E-01 1.03E-01 pCilg
14-05116-02 MBL BLANK 05/28/14 00:00 siegi2q14 | 6/5/2014 14-05118 Thorium-228 EML Th-01 Madified -2.89E-03 |’ 3.2BE-02 3.28E-02 1.00E-01 pCi/g
14-05116-03 DURP BMACCGC04 05/27114 00:00 512812014 | 6/5/2014 14-05118 Thorium-228 EML Th-01 Modified 4.60E-01 1.82E-01 1.87E-1 B.85E-02 pCi/g
14-05116-04 DO BMACOQQ4 05/27/14 00:00 512812014 | B/5/2014 14-05116 Thorium-228 EML Th-01 Modified 5.35E-01 1.87E-01 1.94E-01 9,168E-02 pCi/g
14-05116-05 TRG BMAC0008 05/27144 00:00 5/28/2014 | 6/5/2014 14-05116 Thorium-228 EML Th-01 Modified 4.42E-M 1.61E-01 1.66E-01 7.54E-02 pCifg
14-05116-01 LCS KNOWN 05/28/14 0000 512812014 | B/5/2014 14-05116 | Thorium-230 EML Th-01 Medified 5.48E+00 1.48E-01 ] pCifg
14-05116-01 LCS SPIKE 05/28/14 00:00 52812014 | 6/5/20%4 14-05116 Thotium-230 EML Th-01 Modified 5,59E+00 9.05E-01 1.14E+00 8,99E-02 pCifg
14-05%16-02 MBL BLANK 05/28/14 00:00 5/28/2014 | 6/5/2014 14-05116 | Tharium-230 EML Th-01 Modified 1.68E-01 1.07E-01 1.09E-01 9.15E-02 plilg
14-05116-03 DUP BMACCO04 05/27/14 00:00 5/2812014 | 6/5/2014 14-05116 | Thorium-230 EML Th-01 Modified 5.32E-01 1.99E-01 2.10E-01 1.08E-01 pCi/g
14-05116-04 Do BMACO004 05/27/t4 00:00 512812014 | 6/5/2014 14-05116 Thorium-230 EML Th-01 Modified 6.63E-01 2.10E-01 2.256-01 5.34E-02 pCifg
14-05118-05 TRG BMACO008 05/2714 00:00 5128/2014 | 6/5/2014 14-05116 | Thorium-230 EML Th-01 Modified 8.39E-01 1.98E-01 2.14E-01 4 95E-02 pCilg
14-05116-01 Lcs KNOWN 05/28/14 00:00 5/28/2014 | 6/5/2014 14-05116 Thorium-232 EML Th-01 Modified 4 97E+00 1.78E-01 pClig
14-05116-01 LCS SPIKE 05/28/14 00:00 5/28/2014 | 6/5/2014 14-05116 Thorium-232 EML Th-0% Modified 5.05E+00 8.33E-01 9.45E-01 7.17E-02 pCifg
44-05116-02 MBL BLANK 05/28/14 00:00 52872014 | 6/5/2014 14-05116 Thorium-232 EML Th-01 Maodified 1.2688-02 3.03E-02 3.04E-02 6,35E-02 pCifg
14.05116-03 pDurP BMACOCD4 05/27/14 00100 5/28/2014 | 6/5/2014 1405116 | Thorium-232 EML Th-01 Modified 4.46E-01 1.80E-01 1.84E-01 1.04E-01 pCifg
14-05116-04 DO BMACO004 Q5/27/14 00:00 512812014 | 6/5/2014 14-05116 Thorium-232 EML. Th-01 Modified 3.81E-0% 1.60E-01 1.54E-01 5.33E-02 pCifg
14-05116-05 TRG BMACQQ08 05/27/14 00:00 512812014 | 6/5/2014 14-05116 Thorium-232 EML Th-01 Modified 3.42E-01 1.36E-01 1.39E-01 4,94E-02 pCiflg

Ci=Counting Uncertainty;CSU=Comblned Standard Uncertainty (2-sigma);MDA=Minimal Detected Actlvity;LCS=Laboratory Control Sample; MBL.=Elank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original

EBERLINE EBERLINE ANALYTICAL CORPORATION
SERVICES | 60| SCARBORO ROAD OAK RIDGE, TN 37830  865/L81-0683 FAX 865/483-4L62I




Printed: 6/26/2014 9:39 AM Page 2 of 2
Report To: - Work Order Detalls:
Eberline Analytical Marco Kaltofen SDG: 14-05116
. . Boston Chemical Data Corp. Project: Bridgeton / Alvarez
Final Report of Analysis 2 Summer St, Suite 14 Analysis Category: | ENVIRONMENTAL
Natick, MA 01760 Sample Matrix: SO
Lev s:.;“p‘:e e sample Rocelnt Anawsis | Beeh Analyte Method Result cu csu MDA Foport
140511601 | LCS KNOWN 052814 0000 | 5/28/2014 | 652014 | 14-05116 | Uranium-234 EML U-02 Modified B.0BE+D0 | 2.90E-01 RGilg
140511601 | LGS SPIKE 05/28/14 0000 | 52672014 | 652014 | 14-05116 | Uranium-234 EML U-02 Modified 707E+00 | 968E-01 | 1.09E+00 | 7.73E-02 nCilg
140511602 | MBL BLANK 05/28/14 00:00 | 5/28/2014 | 6/5(2014 | 1405118 | Uranium-234 EML U-02 Modified 6.74E02 | 6.18E-02 | 6.208-02 | 5.83E-D2 pCilg
140511603 | DUP | BMACO004 05727114 00:00 | 5/28/2014 | 6/5/2014 | 14-05118 | Uranium-234 EML U-02 Modified 4EBEO1 | 156E-01 | 159E01 | 7.23E-D2 pCilg
14.05116-04 | DO BMAGG004 0B/2714 00:00 | 5/28/2014 | 6/5/2014 | 14-05116 | Uranium-234 EML U-02 Modified 5ATE01 | 175801 | 1.79E-01 | T7.61E-D2 pCilg
14.05116-05 | TRG | BMACO008 05/27114 00:00 | 5/28/2014 | 6/5/2014 | 14-051%6 | Uranium-234 EML U-02 Modified 347601 | 148E-01 | 1.20E-01 | 6.09E-02 pCilg
140511601 | LCS SPIKE 052614 00:00 | 5/28/2014 | 6/5/2014 | 14-05116 | Uranium-235 EML U-02 Modified TAAE-01 | 229E-01 | 2.35E-01 | 7.62E-02 pCilg
140511602 | MBL | BLANK 056/28/14 0000 | 6/28/2014 | /52014 | 14-05116 | Uranium-235 EML. U-02 Madified 861502 | BA3E-02 | B35E-02 | 1.03E-01 pCiig
140511603 | DUP | BMAGO004 05/27/14 00:00 | §/28/2014 | 6/52014 | 1405116 | Uranium-235 EML U-02 Modified 5.05E03 | BO00E-02 | 3.00E-02 | 7.11E-02 pCilg
140511604 | DO BMAC0004 082714 00:00 | 5/28/2014 | 6/5/2014 | 1405118 | Uranium-235 EAL U-02 Modified OO00E+00 | 481E02 | 4B1E-02 | 9.98E-02 pCilg
140511605 | TRG | BMACD008 05/27/14 0000 | 5/28/2014 | 6152014 | 1405116 | Uranium-235 EML U-02 Modified 563E0Z | G5TED2 | 5.59E-02 | B.5BE-02 pCig
140511601 | LCS KNOWN 052814 00:00 | 5/28/2014 | 6/5/2014 | 14-05116 | Uranium-238 EML U-02 Modified 785E+00 | 2.83E-01 pClig
140511601 | 1CS SPIKE 052614 00:00 | 5/28/2014 | 652014 | 14-05116 | Uranium-238 EML U-02 Modified 761E+00 | 103E+00 | 1.16E+00 | 7.25E-02 pGilg
140511602 | MBL BLANK 06/28/14 0000 | 512672014 | /52014 | 14.06116 | Uranium-238 EML U-02 Modified 9.50E-02 | 7.30E-02 | 7.33E-02 | 580E-02 pCilg
140511603 | DUP | BMACO004 05127114 00:00 | §/28/2014 | 6/5/2014 | 14-05116 | Uranium-238 EML U-02 Modified 548E-01 | 170E-01 | 1.75E-01 | 5.74E-02 pGilg
1405116-04 | DO BMACO004 05727114 00:00 | 5/28/2014 | 6/5/2014 | 14-05116 | Uranium-238 EML U-02 Modified BBTEO1 | A187E01 | 18201 | 642E-02 pCig
140511605 | TRG | BMACOD0B 05127114 0000 | 5/28/2014 | 65/2014 | 14-05116 | Uranium-238 EML U-02 Modified 418E01 | 136601 | 139E01 | 571ED2 pCifg

A
g'm;‘;i

ugh;ﬂ

ClU=Counting Uncertainty;CSU=Combined Standard Uncertainty [2-sigma);MDA=|

EBERLINE

SERVICES

EBERLINE ANALYTICAL CORPORATION

| 601 ScarBORO ROAD OAK RIDGE, TN 37830

865/481-0683 FaAx 865/483-462]

Minimal Detected Activity;LCS=Laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Orlginal
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ANALYTICAL STANDARD



[ QW@ REVIEWED |CERTIFICATE OF CALIBRATION W8
e 1/1V/35 s 4| ALPHA STANDARD SOLUTION

Radionuclide: U-238NAT Customer: TMA EBERLINE

Half Life: (4.468 + 0.005) x 10"9 years P.O.No.: OR2778

Catalog No.: 7338 Reference Date: January 1 1995 12:00 PST.
Source No.: 479-50 Contained Radioactivity: (Total U) 8.016 uCi

Contained Radioactivity: (Total U) 297 kBq

Description of Solution

a. Mass of solution: 65.2896 g in a 50 ml flame sealed ampoule
b. Chemical form: Uranyl Nitrate in H20
c. Carrier content: None
d. Density: Approximately 1.3202 _ g/ml @ 20°C,
Radioimpurities Refer to attached technical data sheet
Radioactive Daughters
Refer to attached technical data sheet

Radionuclide Concentration

(Total U) 0.1228 #Cilg.
Method of Calibration

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement

a. Systematic uncertainty in instrament calibration: +3.0%

b. Random uncertainty in assay: +0.0%

¢. Random uncertainty in weighing(s): 12.0%

d. Total uncertainty at the 99% confidence level: +3.6%
NIST Traceability

This calibration 1s implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s)

See reverse side for Leak Test(s) applied to this source.
Notes ‘

1. Nuclear data were taken from "Table of Radioactive Isotopes”, edited by Virginia §. Shirley, 1986.
2. IPL participates in an NIST measurement assurance program to ¢stablish and maintain implicit traceability for a iumber of nuclides,
based on the blind assay (and later NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

] Bl AULAS
QU/( Y CONTROL

22 Vel 1224
Date Signed

e

ISOTOPE PRODUCTS LABORATORIES
3017 N, San FERNANDO BLvD.
BurBaNK, CALIFORNIA 91504

818-843-7000 Fax 818-843-6168

1SO 7V O pPE
PRODUCTS
LABORATORIJES




Rev.8; 11/01/03

%E BERLINE MP-009

Tile: Radioactive Reference Standards Solutions & Records

QUALITY CONTROL PROGRAM

Principal Radionuclide

SOLUTION REFERENCE #{IPL 479-:50 = . ». 7 "

Radionuclide]
Certified Activity|:
Certified Concentration|:

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE
SOLUTION

8/30/2013 0:00

Half Life, Days
L. 1.682E+12|

Reference Date|

Ampoule /Solution Gross] : 400{Weight, Grams
Empty Ampoule D|Weight, Grams
Solution Net} .1380|Weight, Grams

Total Activity in Ampoule|- =" pCi

Qhemical Composition of Standard Solution

N

Dilution Instructions:

Verified & Approved By

e "

Dilute to a volume ofj:

Certified Total Activity of[ .

Dilution Solvent Used

Imilliliters

Which Eauals | - " 1.780E+07|dpm at the date listed above
This activity concentration is based on the original

And after dilution the activity of this solution is| -1.77955E+04]dpm/mbeference date listed above. Al activities are corrected

to the date and time of analysis by the laboratory data
processing software.

Expiration Date:|. - August-20, 2014 ]

QC Approval

N ' Date: 8/29/2013 0:00

Date: Ci/l\\;/ /D

=m e a



%E BERLINE QUALITY CgphggROL PROGRAM

Rev.8; 11/01/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date|
1 Solution Reference #{IPL 47 _______Solution#
»Princi al Radionuclide Half Life, Years Half Llfe Days

[0 71.632E+12]

Radionuclide of Interest|.

Reference Date|
Parent Sotution Conc.}. 1!

171/1995 0:00)

Chemical Composition of Standard Solution
[Uranly Nitraite ir

Dilution Instructions: Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:|": 0000 mi
Total Activity:{ -~ 7.1182E+04|dpm Final Activity Concentration:| = = --7.1182E+01ldpm/mi
Final Volume:}::::1000:00ml

This activity concentration is based on the original
NOTES: reference date listed above. All activities are

corrected to the date and time of analysis by the
tory data processing software.

Isotopic Distribution as:
U-238 Atom % = 48.239  U-238 =71.182 dpm/ml X 0.48249 = 34.345 dpm/m|
U-235 Atom % =226  U-235=71.182 dpm/ml X 0.0225 = 1,602 dpm/m)

U-234 Atom % = 49.501 U-238 = 71.182 dpm/ml X 0.49501 = 35.236 dpm/ml
All values +/- 3.6%

Expiration Date:| August 20, 2014 ]

Isotopic ratios from manufacturer's data sheet

Verified & Approved B;—N Date: 8/29/2013 0:00

QC Approval Date: ‘5/4/( B




Description

Measurement

Accuracy

Radionuclidic
Purity

Isotopic
Purity

Chemical
Composition

Physical
Data

Remarks

Approved
Signatory

Principal radionuclide:

o~ e

* RECORD COPY

Product Description & Measurement Certificate

uranium 232 (U-232)  Product code: UDP10050
Daughter Nuclide: Th-228 Batch Number: 92/232/67
Reference date: 01 March 2000

6.739E+03 becquerels per gram of solution
1.821E-01 microcuries per gram of solution
ener p—

- SO gr'\:lu:a

5.035 millilitres

3.61E+04 becquerels

9.76E-01 microcuries

Radioactive concentration U-232
which is equivalent to
Mass of sokation
Volume of solution
Total activity of U-232
which is equivalent to

Method of measurement (see reverse of this certificate)
Random uncertainty is: £ 0.7%  Systematic uncertainty: + 0,5%

Overall uncertainty in the radioactive concentration quoted above: +1.7%
Overall uncertainty is defined on the reverse of this certificate.

Any radioactive impuritics measured are listed below, expressed as percentages
of the activity of the principle radionuclide at the referencs date .

Th-228 and daughter activity removed 2 Feb 2000
U-232 daughters activity will increase with time. By alpha 88% U-232, 12% daughters on 1/3/00

The isotopic composition, expressed as atom per cent at the reference date .

Not measured

Calculated weight of U-232, 4.42E-08 grams, as 2M HNO3 solution in a flame sealed glass vial.
This Tracer solution has been produced 'carrier free'.

Recommended half life of uranium 232: 6.980E+01 years

Principle energies of alpha emissions (MeV): 5.263 31.7%, 5.320 68.0%

Branching ratio for alpha emission: 100%

Calculated specific activity of uranium 232: 8.167E+05 Bq per microgram U-232.

For safety information and notes to ensure correct usage by all persons handling this radioactive Tracer
solution please read the instructions accompanying the package.

AEA Technology operates a quality management system which has been independently audited and
approved to ISO 9001.

O i

Roger Wiltshire

Project Ref. AE2315

Prepared and characterised in the UK, for world wide distribution by Isotrak, AEA Technology, QSA.

Trkeert.wps 10/03/00

AEA Techmology is the trading name of AEA Technology plc il he b
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© EBERLINE QUALITY ggzl;I'ROL PROGRAM
(%) SERVICES
Rev.8; 11/01/03

Title: Radioactive Reference Standards Soluﬁéns & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

7 200E401 [ 2630E%04]

Radionuclide] - 22
Certified Activity| . .
Certified Concentration|*

Reference Date[ - 3/1/2000 0:00}

uCi
$uCi per gram

Ampoule /Solution Gross|
Empty Ampoule _ r
SolutionNet| . . " |Weight, Grams

Total Activity in Ampoule| . _0:9760|.Ci

Ch_t_emical qupositlon of Standard Solution -

“U(NOsle in M HN

©)

—,
—

Dilution Instructions: Dilution Solvent Used [2M HNO;
Dilute to a volume of{.1000.00 - | milliliters
Certified Total Activity off ~ 0.9760 nCi Which Equals | . . 2.167E+06|dpm at the date listed above

. This activity concentration is based on the original

And after dilution the activity of this solution Is["2.167E+03 dpm/ml  reference date listed above. All activities are corrected
to the date and time of analysis by the laboratory data
processing software.

Expiration Date:| November 20, 2014 |

Verified & Approved By k _ | Date: 12/7/2013 0:00
QC Approval : _ Date: { QJ r7// >

MP 009
CURRENT DATE| - - 12/7/2013 0:00|
| SOLUTION REFERENCE # AEA/Amersham 92/232/67 ] SOLUTION #[ S nir0
Principal R_adionuclide Half Life, Years Han Life, Days

.

N




%gg_ ERLINE QUALITY CONTROL PROGRAM

SeERVicES MP—O“Q

Rev.8; 11/01/03
Tile: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009

Dats).
Solution #] . :

12/712013 i 00
Solution Reference #IAEAJAmersham 821232167 :

i Radlonucllde Half Lrl’e, Days
e L 2.630E+04)

Radionuclide of Interest S
Parent Solution Cone.| 21674

Reference Date| " ' 3/1/2000 0:00]

Chemical Com osition of Standard Solution

Dilution instructions:

Dilution Solvent Used [2M HNO,

SECONDARY VOLUMETRIC DILUTION

This activity concentration is based on the original
reference date listed above. All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

NOTES: .

Expiration Date:] November 20, 2014 ]

Verified & Approved By ]\ “)?\ Date: 12/7/2013 0:00

QG Approval @% Date: |} 9-"1 ) )
LI

Vol. Parent Seolution:[>* - 10.0000]ml
Total Activity:|. ' 2.1670E+04{dpm Final Activity Concentration:| . = : 2.1670E+01|dpm/ml
Final Volume:{. - - -1000.00|mI

e
’..&‘5

4

)




CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-232 Customer: TMA EBERLINE
Half Life: .-(1.405+ 0.006) x 1010 years - P.O.No.: VH1632 :
Catalog No.: Co 7232 Reference Date: - November 1 1993 12:00 PST.
Source No.: 435-104-2 Contained Radioactivity:  (Th-232) 0.0933 i
Contained Radioactivity:  (Th-232) 3.45 ©  gmq.

Description of Solution : : " o ' C

a. Mass of solution: . 11.9712 g (in a 10 m! flame sealed ampoule)

b. Chemical form: : Th(NO3)4 in water ’

c. Carrier content: _ . None added :

d. Density: Approx. 1.21 ' g/ml @ 20°C.
Radioimpurities o None detected (other than daughters). '
Radioactive Daughters

Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Po-212, T1-208

Radionuclide Concentration

(Th-232) 0.00779 o o

Method of Calibration
Activity calculations are based upon known specific activity and mass.

Uncertainty of Mezsurement
a. Systematic uncertzinty in instrument calibration: +3.0%
b. Random uncertainty in assay: +0.0%
¢. Random uncertainty in weighing(s): ' +2.0%
d. Total uncertainty at the 99% oonﬁdénce level: +3.6%
NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.
Leak Test(s) '

See reverse side for Leak Test(s) applied to this source.
Notes -

1. Nuclear data were taken from "Table of Radioactive Isotopes”, edited by Virginia S. Shirley, 1986.
2. TPL participates in an NIST measurement assurance program o establish and maintain implicit traceability for a number of nuclides,
based on the blind assay (and later NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

QUALITY CONTROL

Nov. %, 1993
Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street

Burbank, California 91504

(818) 843 - 7000




% S QUALITY CONTROL PROGRAM

Rev.8; 1/10/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE
SOLUTION REFERENCE #[IPL 4351042 ) SOLUTION #
Prmcr al Radlonuclide Half L|fe Years Half Life, Days

1, 2TH: 405E+ [ o 5.132E+12)

Radionuclide Reference Date| . . '111/1/19930:00]
Certified Activity ucCi
Certified Concentration 1Ci per gram
Ampoule /Solution Gross| - 18:841 ‘, |Weight, Grams
Empty Ampoule ; 06|Weight, Grams

Solution Net| 11 9119 Weight, Grams
Total Activity in Ampoule .0.0933IuCi

Chemical COmpositlon of Standard Solution

[THINO3), in Hat I
. e
Dilution Instructions: : Dilution Solvent Used  [T% NiicAcd . ]

Dilute to a volume of} . 1 < |milliliters

Certifled Total Activity of [~

.- 0.0933|uCi Which Eauals L. 2.071E+05]dpm at the date listed above

And after dilution the activity of this solution is[207TE+OZ]dpmimi i 2oty eotcentration i based on the orginal

to the date and time of analysis by the laboratory data
processing software.

Expiration Date:| September 23, 2014]

Verified & Approved By & : A\ Date: 9/23/2013 0:00

QC Approvak Date: CZI[ 277 [/ (3




%E serLinge | QUALITY CONTROL PROGRAM

SERVICES MP-009

Rev.8; 1/10/03
Titte: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date| 9/23/20’1 3 0'00
Solution Reference #[IPL 435-104-2. R TR :
TS AL o e
Prmci al Radlonucllde Half Llfe Years Half Llfe Days
. g ] | 5.132E+12]
Radionuclide of Interest| Reference Date| = ' 11/1/1993:0:00)
Parent Solution Conc. |
Chem_lqgl Com osmon of Standard Solution
Dilution Instructions: Dilution Solvent Used {1% Nitric Acid :

SECONDARY VOLUMETRIC DILUTION

~ 1.0355E+02] dpm/mi

Vol. Parent Solution: |- 500.0000]|ml ,
Total Activity:|- 1 0355E+05 dpm Final Activity Concentration:|
Final Volume:| 2 1000:00| ml

This activity concentration is based on the original

NOTES: reference date listed above. Al activities are
corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:[September 23, 2014]

Verified & Approved By \\ Date:

9/23/2013 0:00

QC Approval Date:

7fan 3
/17

g



QA/QC REVIEW

Date 0 / Initials L % %‘@% \,&“
" Radionuclide Th-230 Customer: TMA EBER&@E\ 48
Half Life: (7.54 £+ 0.03) x 10°4 years P.0.No.:

Catalog No.; 7230 Reference Date: November 1 1991 12;00 PST.
Source No.: 388-116 Contained Radioactivity: 1.036 4Ci.
Description of Solution .
a. Mass of solution: 5.0042 grams.
b. Chemical form: Th(NO3)4 in 0.IN HNO3
c. Carrier content: None added
d. Density: 1.0016 gram/ml @ 20°C.
Radioimpurities
See attached technical data sheet
Radioactive Daughters
See attached technical data sheet
Radionuclide Concentration
0.207 #Ci/gram.

Method of Calibration

Weighed aliquots of the solution were assayed using a liquid scintillation counter.

Uncertainty of Measurement
a. Systematic uncertainty in instrument calibration:
b. Random uncertainty in assay:
¢. Random uncertainty in weighing(s):
d. Total uncertainty at the 99% confidence level:
NIST Traceability

Notes

1. Nuclear data were- taken from "Table of Isotopes”, Seventh Edition, edited by Virginia S. Shirey.

2. IPL participates in an NIST measurement assurance program to establish and maintain implicit
traceability for a number of nuclides, based on the blind assay(and later NIST certification) of
Standard Reference Materials. (As in NRC Regulatory Guide 4.15)

ISOTOPE PRODUCTS LABORATORIES
1800 No. Keystone Street.,
Burbank, California 91504

ALPHA STANDARD SOLUTIO 10 e

+2.0%

+0.5%
+0.2%
+2.7%

This calibration is implicitly traceable to the National Institute of Standards and Technology

(818) 843 - 7000 v

e
Ead
P



EBERLINE

% * QUALITY CONTROL PROGRAM
SERVICES MP'OOQ

Rev.14; 10/10/2012
Title: Radioactive Reference Standards Solutions & Records

~ EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009
CURRENT DATE| 3/1/2014 000
] SOLUTION REFERENCE #{IPL 388-116. .= | SOLUTION #/ sThedon i
{Principal Radionuclide Half Life, Years Half Llfe, Days

N 2. 754E+07|

Reference Date| =

Radionuclide| “1114/1991:0:00]
Certified Activity 0} Ci
Certified Concentration| :juCi per gram
Ampoule /Solution Gross| " -9.2 Weight, Grams
Empty Ampoule|::: 218]|Weight, Grams

Solution Net| 4.6442|Weight, Grams
Total Activity in Ampoule|  7.0360]uCi

Chemlcal Composition of Standard Solution

Dilution Instructions: Dilution Solvent Used {0ANHNO;

Dilute to a volume of{.. - 1000.00 " |milliliters

Certified Total Activity of{  :1.0360|uCi Which Eauals | - 2.300E+06|dpm at the date listed above -

e This activity concentration is based on the original
And after dilution the activity of this solution is| 2.300E+03|dpm/m! reference date listed above. All activities are corrected
to the date and time of analysis by the laboratory data
processing soffware.

Expiration Date:| February 24,2015 |

Recertified By R ) Date: 3/1/2014 000

TN\ LA

]
]

L4

P
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%gﬁs ERLIN QUALITY CONTROL PROGRAM

SERVIGE MP-009

»ll

Rev.14; 1010/2012
Tile: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP00S Date[ 3/

Solution Reference #[IPL 388-116. . Solution #]:. ... Th-1b:
Principal Radionuciide Half Life, Years Haif Life, Days

Radionuclide of Interest|
Parent Solution Conc.

Reference Date| ' 11/4/1991:0:00}

Che_miqa] _Composition of Standard Solution
[ Th(NOs)s in 0.1N-HNO

Dilution Instructions: Dilution Soivent Used {0 AN HNO;

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: 10.0000]|mt
Total Activity:| * 2.2999E+04|dpm Final Activity Concentration:{ -~ = 2.2999E+01]|dpm/ml
Final Votume:| .:/::1000:00]ml

This activity concentration is based on the original

NOTES: reference date listed above. All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:l February 24, 2015 I

Recertifié?"BTfQ Date: 3/1/2014 0:00
Verified & Approved By k \ = Date: ;' \] ! \P
i
. QC Approval _éw "'2‘ = i - Date: 3 / Cp/ (F




| 7h-18

—3 24937 Avenue Tibbitt

. |SOt0pe PrOdUCtS Valenciayggﬁ$or;\ia'9:355
o Laboratories <

: ' Tel 661+309-1010
An Eckert & Ziegler Company Fax 661:257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-229 Customer: EBERLINE SERVICES
Half-life; 7340 * 160 years P.O. No.: 00009633
Catalog No.: 7229 Reference Date: 15-Jan-02 12:.00 PST
Source No.: 867-54 Contained Radioactivity: 1.013 uCi 37.48 kBq
(Th-229 only)

Physical Description:

A. Mass of solution: 5.0147 g in 5 mL flame-sealed ampoule

B. Chemical form: Th(NO3), in 0.1M HNO,3

C. Carrier content: 10ug Th/imL

D. Density: ‘ _ 1.0016 g/mL @ 20°C.
Radioimpurities:

None detected (daughters in equilibrium)
Radionuclide Concentration: 0.2020 wCilg, 7474  kBglg
Method of Calibration:

This source was prepared from a weighed aliquot of solution whose activity in uCifg was determined
using gamma ray spectrometry. ‘

Peak energy used for integration: 193.5 keV

Branching ratio used: 0.0441 gammas per decay

Uncertainty of Measurement:

A. Type A (random) uncertainty: t 07%
B. Type B (systematic) uncertainty: + 3.0%
C. Uncertainty in aliquot weighing: t 00%
D. Total uncertainty at the 99% confidence level: z 31%

Notes:

- See reverse side for leak test(s) performed on this source.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from IAEA Technical Report Series No. 261.

- This solution has a working life of 5 years.

Ao U )t b 9- Jom-02-
“" Quality Control ~ Date Signed IPL Ref. No.: 867-54

ISO 9001 CERTIFIED
Medical Imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, California 91504

I RR]




> QUALITY CONTROL PROGRAM
. EBERLINE MP-009

Rev.8; 1/10/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE
SOLUTION #{

SOLUTION REFERENCE #|IPL:867-

Half Life, Days

Pripci : al Radionuclide

[0 2.681E+06]
Radionuclide : Reference Date| 152002 0:00]
Certified Activity 0]uCi
Certified Concentration 1uCi per gram
Ampoule /Solution Gross 7752|Weight, Grams
Empty Ampoule O1|Weight, Grams

Solution Net! . . 5.0161|Weight, Grams
Total Activity in Ampoule| . 1.0130]uCi

Chemical Composition of Standard Solution
ANO;) i

Dilution Instructions: Dilution Solvent Used

Dilute to a volume of milliliters

Certified Total Activity of] " "= 1.0130]|uCi Which Eauals |71 2.249E+06|dpm at the date listed above

e N — This activity concentration is based on the original

And after dilution the activity of this solution is| 2.249E+03|dpm/ml reference date listed above. All activities are corrected
to the date and time of analysis by the laboratory data
processing software,

Expiration Date:| September 23,2014}

Verified & Approved By h Date: 9/23/2013 0:00
/

Date: ?Zl?//j

QC Approval

a1

e ——— . |

i
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T S ERVICES MP-009

%gﬁ Erpine | QUALITY CONTROL PROGRAM

Rev.7; 9/29/3¢
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADICACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date| -
Solution Reference #|IPl: 867-54 Solution #] 577 Thet,
ife Half Life, Days

‘2.881E+06]

Radionuclide of Interest|
Parent Solution Conc. |- 2.25E+03" 1

Chemical Composition of Standard Solution

Dilution Instructions: Dilution Solvent Used |0-1M HNOs

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: 00}mi } '
Total Activity:| " |dpm Final Activity Concentration:| . ~2.2490E+01]dpm/ml
Final Volume:| 0|ml

This activity concentration is based on the original

NOTES: reference date listed above, All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:[September 23, 2014]

Verified & Approved By }\‘  Date: 9/23/2013 0:00

QCApprovd@@S{(/ \\ : Date: ‘I/;m/r,’b

[
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[ 1380 Seaboard Industrial Bivd.
M Attanta, Georgia 30318
® Eckert & Ziegler T 404.352.367

Fax 4043522837

Ana Iytl CS www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source GAS -1307
94264 LPGAS - 13

Sand in Falcon Petri Filled to Top

Customer:  Eberline Analytical Corporation
P.0O. No.: 1304009, Item 3 Product Code: 8401-EG-SAN
Reference Date; 01-Jul-2013 12:00 PM EST Grams of Master Source: 0.018434

This standard radionuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Additional radionuclides were added gravimetrically from solutions calibrated by
gamma-ray spectrometry, ionization chamber, or liquid scintillation counting, Calibration and purity were
checked using a germanium gamma spectrometer system. At the time of calibration no interfering gamma-ray
emitting impurities were detected. The gamma-ray emission rates for the most intense gamma-ray lines are
given. Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of Standards and
Technology through a Measurements Assurance Program as described in USNRC Regulatory Guide 4.15,
Revision 2, July 2007, and compliance with ANSI N42.22-1998, "Traceability of Radicactive Sources to NIST."
EZA is accredited by the Health Physics Society (HPS) for the production of NIST-traceable sources, and this
source was produced in accordance with the HPS accreditation requirements. Customers may report any
concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, McLean,
VA 22101,

Master Uncertainty* , %
Gamma-Ray  Half-Life, Source* This Source Type Calibration
Nuclide Energy (keV) Days vYps/gram Yps Yo U U Method*
Am-241 59.5 1.580E+05 2.145E+03 01 171 358 4n LS
Cd-109 88.0 4.626E+02 1.641E+08 3.024E+03 08 23 47 HPGe
Co-57 122.1 2.718E+02 8.865E+04 1.634E+03 04 2.0 4.1 HPGe
Ce-139 165.9 1.376E+02 1.243E+03 2.291E+03 04 19 3.9 HPGe
Hg-203 219.2 4.681E+01 2.627E+08 4,842E+03 03 19 38 HPGe
Sn-113 391.7 1.151E+02 1.736E+05 3.201E+03 04 19 39 HPGe
Cs-137 661.7 1.098E+04 1.120E+05 2.065E+03 0.7 18 4.0 HPGe
Y-88 898.0 1.066E+02 4.197E+05 7.737E+03 05 18 38 HPGe
Co-60 1173.2 1.928E+03 2.074E+05 3.823E+03 06 19 40 HPGe
Co-60 1332.5 1.926E+03 2.074E+05 3.824E+03 07 19 40 HPGe
Y-88 1836.1 1.066E+02 4.444E+08 8.191E+03 07 189 40 HPGe

* Master Source refers to Analytics' 8-isotope mixture which is calibrated quarterly.

Calibration Methods: 411 LS - 4 pi Liquid Scintillation Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, IC -
Ionization Chamber. Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Results,”

(Certificate continued on reverse side)

MGS Certificate Rev 4, 23 August 2012 Page 1 0f2

Corporate Office Laboratory
24937 Avenue Tibbitts Valencla, California 91355 1380 Seaboard Industrial 8lvd, Atlanta, Georgia, 30318
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Eberline Services

Printed: 6/6/2014 8:06 AM

Analysis Control Chart Page 1 of 2
WO - ~Analysis . B ~ Run ~_Activity Units _Aliquot Units | o ] ClientName
UuISO 1 pCi g i Boston Chemical Data Corp.
Laboratory Control Sample
Analyte : Normalized LCS csu tcs Uncert. ‘ Known Known Result 1 csu : Standard Standard Standard Standard
Difference Measured | Measured Expected Expected Error D ACT {dpm) Error Added (g)
: |
U-234 1.75 87.73% j 15.44% 100.00% 3.60% | 8.06E+00 = 2.90E-01 & 7.07E+00 1.09E+00 ‘ U-8a 3.52E+01 3.60E+00 5.08E-01
I - R ! ] - [ . e S S
U-238 ‘ 0.41 96.85% ‘ 15.27% 100.00% 3.60% 7.85E+00 2.83E-01 7.61E+00 1.16E+00 U-8a i 3.44E+01 3.60E+00 ‘ 5.08E-01
Matrix Spike
Analyte Normalized MS Actual : Expected Expected Actual Actual Sample Sample Sampl Standard Standard Standard Standard
Difference % Rec MS Result MS Uncert MS Result MSs CSU Result csu Aliquot iD ACT (dpm) Error % Added (g)
Replicate Sample QC Summary
Analyte Normaiized  ppp Original Ortgial Replicat Ropa |FeSRetve  eswur LCSND MS %R MS ND Rep RPD Rep ND
U-234 0.48 12.14 5.17E-01 1.79E-01 4.58E-01 1.59E-01 0.88 oK OK oK OK
U-238 0.29 6.84 5.87E-01 1.92E-01 5.48E-01 1.75E-01 0.97 OK OK OK OK
U-235 0.18 200.00 0.00E+00 4.61E-02 -5.05E-03 3.00E-02 oK OK oK OK
4 Version
=
Ll

o




Eberline Services
Analysis Control Chart

Printed: 6/6/2014 8:06 AM

Page 2 of 2
WO __Analysis Run Activity Units __ Aliquot Units _ ____ Client Name
Uuliso 1 pCi g Boston Chemical Data Corp.
LCS % Recovery Replicate Sample RPD
130.00
T 40.00
12000 1+ e e e e - e e e m— — —
35.00 — — v — — — — — —— — — — o— oo— ——
110.00 + 30.00
T
100.00 1 25.00
50.00 20.00
*
15.00
80.00 L e e e e e o e o — E
10.00
70.00 = 075 500 3
—  Lower Error 6869 77.98 000
= UpperError 106.78 11873 U-234 U-238 U-235
o %R 87.73 96.85 | ~  Lower Emor | 14.25 7.94 -1306.00
— —LcL 80 B0 - | = UpperEmor | 10.04 573 1706.00
Mean - 100 o 100 B e RPD 12.14 684 200.00
— =—UCL 120 120 — —CL T35 . B 35 } 35
Normalized Difference
350 ] No Matrix Spike
300
250 4~
200 4ev — — — = - -
REP ND MS ND
048 0.00
B 029 0.00
0.00 0.00 )
3 3

Version




Eberline Services Printed: 6/6/2014 8:53 AM

Analysis Control Chart Page 1 of 2
WO o CAnalysis  Run . ActivityUnits - Aliquot Units . Client Name o o
ThISO 1 pCi | g : Boston Chemical Data Corp.
Laboratory Control Sample
Analyte Normalized LCsS csu : LCS Uncert, Known : Known Resuit csu Standard Standard ©  Standard Standard
Difference Measured Measured Expected Expected Error | ‘ 1D ACT (dpm) Error Added (g}
i ; i : . ;
TH-228 ‘ 0.67 93.79% 19.27% 100.00% 3.60% 4.97E+00 : 1.79E-01 4.66E+00 | 8.98E-01 = Th-8b 1.04E+02 | 3.60E+00 1.07E-01
TH-230 0.19 102.02% 20.37%  100.00% . 2.70% 5.48E+00 1.48E-01 5.59E+00 \ 1.14E+00 | Th-1b 2.35E+01 | 2.70E+00 | 5.17E-01
TH-232 ; 0.16 I 101.57% 18.72% | 100.00% . 3.60% 4.97E+00 1.79E-01 | 5.05E+00  9.45E-01 : Th-8b 1.04E+02 ' 3.60E+00 1.07E-01
Matrix Spike
Analyte Normalized | MS Actual Expected Expected Actual Actual Sample Sample : Sample : Standard Standard Standard . Standard
Difference | % Rec MS Result MS Uncert MS Result MS CSU Result : csu Aliquot D ACT (dpm) Error % i Added (g)
Replicate Sample QC Summary
Analyte Normalized | mpp Original Original Replicate | Replics Les ;:’:""’e LCS %R LCSND | MS%R MS ND RepRPD | Rep ND
TH-228 054 1494 | 535E-01 , 1.94E-01 | 4.60E-01  1.87E-01 0.94 oK | OK OK | - OK
TH-230 0.83 | 21.88 6.63E-01 ‘ 2.25E-01 | 5.32E-01 2.10E-01 1.02 OK OK i OK ‘ OK
TH-232 0.53 i 1574 | 381E-01 | 1.54E-01 4.46E-01 1.84E-01 1.02 oK OK i OK OK
I | i . ! ; !

Version




Eberline Services Printed: 6/6/2014 8:53 AM

Analysis Control Chart Page 2 of 2
WO ... Analysis e Run ¢ Activity Units ... MiquotUnits e ... Client Name
ThiSO 1 pCi g | Boston Chemical Data Corp.
LCS % Recovery Replicate Sample RPD
130.00 -
T - 40.00
120.00 ———————-——-————-——-——-{UCL
T 35.00 4 —— — — — — — — — — — — — — t— a——
110.00
30.00 +
100.00 ® ® 25.00
*
90.00 20.00 + }
15.00 E }
80.00 e v e et — — b — — - — — . [ CL
10.00
70.00 ‘L
TH-228 TH-230 TH-232 5.00
—  Lower Error 70.92 78.95 79.25 o0
—~ _ Upper Ermor 116.66 125.09 12389 ' TH-228 TH-230 TH-232
® %R 93.79 102.02 101.57 ~  Lower Error 17.80 25.86 18.96
— —LCL ) 80 80 80 ] —  Upper Eror 12.08 T 1789 T 1253
Mean 10 100 ] 100 . e RPD 1484 T 2188 T 15.74
-— —ucL 120 120 120 — —CL 35 o 35 ’ 35

Normalized Difference

350 . . No Matrix Spike
3.00 4—
2.50 . . - - e e
200 ——o
1.50 : e - - -
1.00 4
-
0.00
LCS ND REP ND MS ND
—TH-228 067 054
C—1TH-230 0.19 083
— JCL 3 3 T 3
] Version
P
sl

Eal



Eberline Services Printed: 5/29/2014 3:04 PM
Analysis Control Chart Page 1 of 2

wO e Analysis o Run ActivityUnits - Aliquot Units _____Ctient Name

GLEPS 1 pCi g Boston Chemical Data Corp.

Laboratory Control Sample

T ‘ ‘ T T
Anaivte | Normalized ‘ LCS : csu LCS Uncert. | K Known Result csu } Standard |  Standard Standard ! Standard
vt i Difference Measured = Measured Exp d Exp d ‘ nown Error esu 1D ACT (dpm) Error ! Added (g)

: | |
AM-241 0.1 100.60% @ 10.18% 100.00% 3.50% = 3.72E+03 | 1.30E+02 | 3.74E+03 = 3.81E+02 | LPGAS-12 | 3.72E+03 | 1.30E+02 | 4.00E+01
SR ! — i S T,,,, - RS i ‘ .
CO-57 1.68 ¢ 109.32% . 9.67% . 100.00% 4.10% | 1.19E+03 | 4.88E+01 1.30E+03 | 1.26E+02 | LPGAS-12 | 1.19E+03 : 4.88E+01 4.00E+01
|
| i

Matrix Spike

Analyte Normalized ; MS Actual Expected Expected Actual Actual Sample Sample Sample Standard | Stand d Standard J Standard
Difference % Rec MS Result | MS Uncert MS Resuit MS CSU Result csuU Aliquot D ACT (dpm) Error % . Added (qg)
Replicate Sample QC Summary

Normalized ‘ Original Original Replicate Replicate LCS Relative | :

Analyte Difference | RPD Result csu Result csu Bias Les%R LesND MS %R MS ND ; Rep RPD Rep ND
PB-210 1.75 i 18.85 1.09E+01 . 1.57E+00 | 9.01E+00 | 1.39E+00 1.01 OK i OK <AM-241 PB-210> | NA

..... - [

; ; |

1.09 OK OK | <CO-57 !

| E |

; ; .

Syau

Version




Eberline Services Printed: 5/29/2014 3:04 PM

Analysis Control Chart Page 2 of 2
WO L . Analysis o Run o ActvityUnits . AliquotUnits Client Name N .
GLEPS 1 pCi g Boston Chemical Data Corp.
LCS % Recovery Replicate Sample RPD
130.00
T
40.00
b o o B T T Tt S U —————
35.00 4
110.00 I
30.00
108.00 25.00 4
1 ,
80.00 20.00 E
15.00
L Tt T T e S ———
10.00 +
70.00
AM-241 CO-57 5.00
—  Lower Eror 8692 9556 -
— Upper Error } 11428 i 12309 PB-210
o %R 10060 109.32 - —  Lower Emor ; i 025
— —LCL . 80 - 80 _ = Upper Error = S 1745 e
Mean _ - 100 100 . * RPD 18.85
— —uCL 120 120 ——— o -
Normalized Difference
350 1 o No Matrix Spike
3.00
250 . . ~ e - ——————
2.00 e . e —— S —
1.50 S SR
1.00 e
0.50 +- S
0.00 |
LCS ND REP ND MS ND
— A M-241 011 1.75 0.00
3 CO-57 1.68 ) 0.00 o 0.00
— ) 0.00 000 0.00
p— 1 JCL 3 3 3
Version
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ISO-U NOTES
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Printed: 5/30/2014 9:01 AM

EBERLINE

SERVICES

Oak Ridge Laboratory
601 Scarboro Rd.

Internal Work Order

Page 10f 1

14-05116

Oak Ridge, TN 37830

Voice: 865.481.0683 Aralysis Code UUISO
Work Order Analysis Notes otce: £63.481.00
www.eberlineservices.com Run Number 1
Date Dept User Notes
05/30/14 08:01 PREP JWOLFE AFTER SAMPLES WERE MUFFLED- ADDED HF AND DRIED SAMPLES DOWN- ADDED MIXED ACIDS

AND TOOK SAMPLES TO DRYNESS- ADDED HNO3 AND WATER AND CENTRIFUGED- DILUTED-
ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND

SUBMITTED TO SEPARATIONS

LD e
a1

2
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Printed: 6/4/2014 4:13 PM Page 1 of 1
Y Oak Ridge Laboratory internal Work Order 1 4_051 1 6
EBERLINE 601 Scarboro Rd.
SERVICES Oak Ridge, TN 37830 Anelysis Code UUISO
Work Order Analysis Notes Voice: 865.481.0683
www.eberlineservices.com Run Number 1

Date Dept User

Notes

05/30/14 09:01 PREP JWOLFE

AFTER SAMPLES WERE MUFFLED- ADDED HF AND DRIED SAMPLES DOWN- ADDED MIXED ACIDS
AND TOOK SAMPLES TO DRYNESS- ADDED HNO3 AND WATER AND CENTRIFUGED- DILUTED-
ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED TO SEPARATIONS

06/04/14 16:13 CHEM JDEMELAS

Added concentrated HC| to sample beakers and heated to dryness; Added 20 mi 8N HCL to samples and
transferred to new, labeled C-Tubes, rinsing with 8N HCI to bring volume to ~35 mi; Preconditioned resin
columns with 35 ml 8N HCI; Centrifuged samples and loaded onto columns; Rinsed C-Tubes with 20 ml 8N
HCI, centrifuged as needed and loaded onto colymns; Rinsed columns with 35 ml 8N HCI - 0.1N NH4l, 35 m|
of 6.5N HCi — 0.04N HF, and 10 mi of 6.5N HCI; Eluted Uranium with 50 ml of 0.5N HCl into clean, labeled 100:
ml beakers; Dried-down samples on hotplate; Dissolved samples in ~10 mi of concentrated HCI; Transferred to
new, labeled C-Tubes with DI H20. Set samples aside for later precipitation and filtering.

W




Printed: 6/5/2014 5:47 AM Page 1 of 1
Oak Ridge Laboratory internal Work Order 1 4_051 1 6
EBERLINE 601 Scarboro Rd.
SERvicESs Oak Ridge, TN 37830 Analysis Code UUISO
Work Order Analysis Notes Voice: 865.481.0683
www.eberlineservices.com Run Number 1

# Date Dept

User

Notes

11 05/30/14 09:01 PREP

JWOLFE

AFTER SAMPLES WERE MUFFLED- ADDED HF AND DRIED SAMPLES DOWN- ADDED MIXED ACIDS
AND TOOK SAMPLES TO DRYNESS- ADDED HNO3 AND WATER AND CENTRIFUGED- DILUTED-
ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED TO SEPARATIONS

2| 06/04/14 16:13 CHEM

JDEMELAS

Added concentrated HCI to sample beakers and heated to dryness; Added 20 ml 8N HCL to samples and
transferred to new, labeled C-Tubes, rinsing with 8N HCI to bring volume to ~35 mi; Preconditioned resin
columns with 35 ml 8N HCI; Centrifuged samples and loaded onto columns; Rinsed C-Tubes with 20 ml 8N
HCI, centrifuged as needed and Iloaded onto columns; Rinsed columns with 35 ml 8N HCI — 0.1N NH4l, 35 mi
of 6.5N HCI -~ 0.04N HF, and 10 ml of 6.5N HCI; Eluted Uranium with 50 ml of 0.5N HCl into clean, labeled 100
mi beakers; Dried-down samples on hotplate; Dissolved samples in ~10 ml of concentrated HC!; Transferred to|
new, labeled C-Tubes with DI H20. Set samples aside for later precipitation and filtering.

3| 06/05/14 05:47 CHEM

TSMITH

Followed steps 12.1.7 to 12.4.5 in AP-005 . { Precipitated and filtered samples for Uranium )
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Eberline Analytical

Printed: 6/5/2014 5:54 AM

Oak Ridge Laboratory Page 1 of 1
Internal Work Order
EBERLINE 14-05116
SERVICES Analysis Code Run
Reagents Used in an Analysis UUISO 1
Reagent Reagent Reagent Analyst Date
D Naime Concentration D Recorded
014633P Hydrofluoric Acid Reagent Grade JWOLFE 5/30/2014
014866P Nitric Acid Reagent Grade JWOLFE 5/30/2014
014832P Perchloric Acid Reagent Grade JWOLFE 5/30/2014
009098P Sulfuric Acid Reagent Grade JWOLFE 5/30/2014
014936P Anion Exchange Resin Reagent Grade JDEMELAS 6/4/2014
015046S HClI - HF 6.5N - 0.04N JDEMELAS 6/4/2014
014955D01 Hydrochloric Acid JDEMELAS 6/4/2014
014980S Hydrochloric Acid JDEMELAS 6/4/2014
014899P Hydrochloric Acid Reagent Grade JDEMELAS 6/4/2014
015093sS Hydrochloric Acid JDEMELAS 6/4/2014
015110S HCI - NH4l 8N -0.1M JDEMELAS 6/4/2014
014973P Hydrofluoric Acid Reagent Grade TSMITH 6/5/2014
014932S Neodymium Carrier 1 mg/ml TSMITH 6/5/2014
014459P Titanous Chloride Reagent Grade TSMITH 6/5/2014
015015P Reagent Alcohol Reagent Grade TSMITH 6/5/2014
0151058 Carbon substrate TSMITH 6/5/2014
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ISO-TH NOTES




Printed: 5/30/2014 9:01 AM Page 1 of 1

Oak Ridge Laboratory Internal Work Order 1 4_0 51 1 6
EBERLINE 601 Scarboro Rd.
, SERVICES Oak Ridge, TN 37830 Analysis Code
- Voice: 865.481.0683 Th I SO
Work Order Analysis Notes : :
www.eberlineservices.com Run Number 1
Date Dept User Notes
05/30/14 09:01 PREP JWOLFE AFTER SAMPLES WERE MUFFLED- ADDED HF AND DRIED SAMPLES DOWN- ADDED MIXED ACIDS

AND TOOK SAMPLES TO DRYNESS- ADDED HNO3 AND WATER AND CENTRIFUGED- DILUTED-

ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND

SUBMITTED TO SEPARATIONS

Jud
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Printed: 6/4/2014 4:14 PM

S
YAV

_EBERLINE

SERVICES

Work Order Analysis Notes

Page 1 of 1

03'( Rldge Laboratorv Internal Work Order 1 4-051 1 6

601 Scarboro Rd.

Veice: 865.481.0683 ThISO

www.eberlineservices.com Run Number 1
# Date Dept User Notes
11 05/30/14 09:01 PREP JWOLFE AFTER SAMPLES WERE MUFFLED- ADDED HF AND DRIED SAMPLES DOWN- ADDED MIXED ACIDS
AND TOOK SAMPLES TO DRYNESS- ADDED HNO3 AND WATER AND CENTRIFUGED- DILUTED-
ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED TO SEPARATIONS
2| 06/04/14 1614 CHEM JDEMELAS Added concentrated HNO3 to sample beakers and heated to dryness; Added 20 ml 8N HNO3 to samples and

transferred to new, labeled C-Tubes, adding 8N HNO3 to bring volume to ~35 ml; Preconditioned resin
columns with 50 ml 8N HNO3; Centrifuged samples as needed, and passed through columns; Rinsed C-Tubes
with 20 ml 8N HNO3; Centrifuged rinsates and loaded onto columns; Rinsed columns with 40 mi 8N HNO3;
Eluted Thorium with 50 mt of 8N HCl into clean, labeled 100-ml beakers; Dried-down samples on hotplate;
Dissolved samples in ~10 ml of concentrated HCI, Transferred to new, labeled C-Tubes with deiononized
water, bringing volume to ~15ml. Set samples aside for later precipitation and filtering,




Printed: 6/5/2014 5:48 AM

Page 1 of 1

Y Oak Ridge Laboratory Intemal Work Order 1 4_051 1 6
EBERLINE 601 Scarboro Rd.
SERVICES Oak Ridge, TN 37830 Analysis Cod
Work Order Analvsi Voice: 865.481.0683 eV e ThISO
ysis Notes : g
www.eberlineservices.com Run Number 1
# Date Dept User Notes

11 05/30/14 09:01 PREP JWOLFE

AFTER SAMPLES WERE MUFFLED- ADDED HF AND DRIED SAMPLES DOWN- ADDED MIXED ACIDS
AND TOOK SAMPLES TO DRYNESS- ADDED HNO3 AND WATER AND CENTRIFUGED- DILUTED-
ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED TO SEPARATIONS

2! 06/04/14 16:14 CHEM JDEMELAS

Added concentrated HNO3 to sample beakers and heated to dryness; Added 20 ml 8N HNO3 to samples and
transferred to new, labeled C-Tubes, adding 8N HNO3 to bring volume to ~35 ml; Preconditioned resin
columns with 50 mt 8N HNO3; Centrifuged samples as needed, and passed through columns; Rinsed C-Tubes
with 20 ml 8N HNO3; Centrifuged rinsates and loaded onto columns; Rinsed columns with 40 ml 8N HNO3;
Eluted Thorium with 50 ml of 8N HCl into clean, fabeled 100-ml beakers; Dried-down samples on hotplate;
Dissolved samples in ~10 mi of concentrated HCI; Transferred to new, labeled C-Tubes with deiononized
water, bringing volume to ~15ml. Set samples aside for later precipitation and filtering.

3| 06/05/14 05:48 CHEM TSMITH

Followed steps 12.2.4 to 12.4.5 in AP-005 . { Precipitated and filtered samples for Thorium )
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Eberline Analytical

Printed: 6/5/2014 5:54 AM

Oak Ridge Laboratory Page 1 of 1
Internal Work Order
EBERLINE 14-05116
SERVICES Analysis Code Run
Reagents Used in an Analysis ThISO 1
Reagent Reagent Reagent Analyst Date
D Name Concentration ID Recorded
014633P Hydroftuoric Acid Reagent Grade JWOLFE 5/30/2014
014866P Nitric Acid Reagent Grade JWOLFE 5/30/2014
014832P Perchloric Acid Reagent Grade JWOLFE 5/30/2014
009098P Sulfuric Acid Reagent Grade JWOLFE 5/30/2014
014936P Anion Exchange Resin Reagent Grade JDEMELAS 6/4/2014
014899P Hydrochloric¢ Acid Reagent Grade JDEMELAS 6/4/2014
014866P Nitric Acid Reagent Grade JDEMELAS 6/4/2014
015093S Hydrochloric Acid 8N JDEMELAS 6/4/2014
015100S Nitric Acid 8N JDEMELAS 6/4/2014
014827S Cerrium Carrier 0.1mg/ml TSMITH 6/5/2014
014973pP Hydrofluoric Acid Reagent Grade TSMITH 6/5/2014
015015pP Reagent Alcohol Reagent Grade TSMITH 6/5/2014
015105S Carbon substrate Solution TSMITH 6/5/2014
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GAMMA LEPS NOTES
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SECTION VIII

ANALYTICAL DATA (ISOTOPIC URANIUM)

il

i



ComineSovees 14-05116 P 652014 1
Analysis Sheet UuIsSO
Run 1
Work Order 4-05116 intema | Samplo Lo Somple | Sample
Analysis Code Uuiso 01 LCS LCS | 05/28/14 00:00 1.0000E+00
- Run 02 MBL | BLANK “ 05/28/14 00:00 1.0000E+00
| Date Received 5/28/2014 | 03 | DUP BMAC0004 .59 05127140000  1.0560E+00
Lab Deadline 6/18/2014 | 04 DO BMAC0004 59 05/27/14 00:00  1.0560E+00
- Client | Boston Chemical Data Corp.~ 05 ‘ TRG BMACO0008 45—3_ 05/27/14 00:00 | 1.0940E+00
Project ENV o
Report Level 4
i Activity Units pCi |
Aliquot Units g N
Matrix ” SO
Method EML U-02 Modified -
| Instrument Type Alpha Spectroscopy
Radiometric Tracer U-232
Radiometric Sol# »U-1 0a »
Tracer Ac; (dpmig) B 18.893 7 7
Carrier

Carrier Conc (mg/ml)

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.  ** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.

L= g



T R R RS .S

Eberline Services - Printed: 6/5/2014 5:54 AM
Oak Ridge Laboratory 14-05116 Page 2 of 3
Analysis Sheet uuIso
Run 1
Internal Sample Tracer Tracer Total ‘} Radiometric | Radiometric | Grav Carrier Grav Filter | Grav Filter Grav Filter | Grav Mean SAF : SAF
Fraction Desc Aliquot (g) ACT (dpm) Tracer (pCi) % Rec Added (ml) ‘ Tare (g) Final (g) Net (g) ' % Rec % Rec 1* : 2*
01 | LCS | 06059 114 0.00
02 | MBL | 0.6031 11.4 0.00
03 | DUP 06022 11.4 0.00
04 DO 0.6026 11.4 0.00 | |

05 TRG 0.6014 11.4 0.00

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only. ** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




I S

Eberline Services Printed: 6/5/2014 5:54 AM
Oak Ridge Laboratory 14-05116 e Page 3 of 3
Analysis Sheet UuISO
Run 1
Internal J Sample Rough Prep Rough Prep Prep \ Prep Sep t0 Sep t0 Sep t1 Sep t1
Fraction Desc Date By Date | By Date/Time By Date/Time By
01 | LCS 05/30/14 08.58 JWOLFE
02 | MBL 05/30/14 08:58 ‘ JWOLFE
03 DuUP 05/30/14 08:58 w JWOLFE
04 DO 05/30/14 08:58 JWOLFE
05 TRG 05/30/14 08:58 JWOLFE
Aty
g«‘lg * SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only. ** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.

o




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 6/6/2014 8:06 AM

Oai Ridge Laboratory Work Order: 14-05116-UUISO-1 - Pagetof3

! i . i .. H i H 1
Lab i . i Sample Client Activity f . | LCs : LCS LCS RPD MDA Biank
Fraction l Nuclide ‘ Desc Identification Units Results ; Error Estimate MDA Known %R Flag Flag Flag Flag
] !
01 U-234 L LCS LCS pCilg 7.07E+00/ 9.68E-01! 7.73E-02i 8.06E+00; 87.73 OK 1 OK
. 3 i H
e e e PR ek ; i ; e
. 02 U-234 MBL BLANK pCilg 6.74E-02/ 6.18E-02]  5.83E-02, OK | OK
é — ‘T SR
03 U-234 DUP BMAC0004 " pCilg 4.58E-01, 1.56E-01/ 7.23E-02 ‘ 4 OK OK |
- : }
{ . i
: O 04 U-234 DO BMACO0004 pCilg 5.17E-O1! 1.75E-01| 7.61E-02 oK !
(] . !
2= H T
8 () 05 U-234 TRG BMAC0008 pCilg 3476011 1.18E-01| 6.09E-02 OK
'Q ——
9
>
7 =
| =D

Eberline Services Work Order

Client

Boston Chemical Data Cdrp.

ot
o
Hat




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 6/6/2014 8:06 AM
Oak Ridge Laboratory Work Order: 14-05116-UUISO-1 Fage20f3
tab : Nuclid ! Sample Sample “ Sample f Radiometric Grav Mean SAF 1 Sep t0 Sep t1
Fraction | uclide | Desc Date : Aliquot ! % Rec ! % Rec % Rec i Date/Time Date/Time
‘ i : ]
01 U-234 LCS 05/28/14 00:00 | 1.ooe+oo! 109.65| 0.00 0.00 i |
. | 02 U-234 MBL 05/28/14 00:00 | 1.00E+00] 109.98! 0.00 0.00 : i
gl = ;
| 03 U-234 DUP 05/27/14 00:00 i 1.06E+00 123.74} 0.00 0.00
* S— : i i
! 04 U-234 DO 05/27/14.00:00 1.06E+00 104.575 0.00 0.00
g O
o | (7)) 05 U-234 TRG 05/27/14 00:00 1.09E+00 137.43 0.00 0.00
)
2 l i
>
g -
< 2
|

Client

Boston Chemical Data Corp.

FSE8




Eberline Services
Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 14-05116-UUISO-1

Printed: 6/6/2014 8:06 AM
Page 3 of 3

Eberline Services Work Order

Client

Boston Chemical Data Corp.

Lab ! Sample Counting Hatflife ! ) Count | Bkg |
Fraction Nuclide Desc Date/Time {days) Detect Carrier f Time | Counts CPM g Erf
01 U-234 LCS 06/05/14 09:01 A_Spec | Alpha_045 170/5.47 E+02 |5.00 E-03 |  18.7
] 'i '
< 02 | U-234 MBL 06/05/14 09:01 A_Spec A|pha_04s? 170/4.83 E+00 |1.00 E-03 17.3
03 | U-234 DUP 06/05/14 09:01 A_Spec |Alpha_047 170/3.80 E+01 [0.00 E+00 16.9
| ORI VRS RO
O 04 U-234 Do 06/05/14 09:01 A_Spec |Alpha_048 170{3.83 E+01 |4.00 E-03 17.8
Q
g e
3 (7p) 05 U-234 TRG 06/05/14 11:54 A_Spec !Alpha_003/ 170.02{3.11 E+01 [5.00 E-03 17.4
3
=
3 -
< =
i
i
i
-
-

5588




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 6/6/2014 8:06 AM

Oat Ridge Laboratory Work Order: 14-05116-UUISO-1 | Page 1of 3

Client

ok Lab . i Sample Client ; Activity ; . H LCS i LCS : LCcs RPD MDA f Blank
Fraction Nuclide ' Desc {dentification : Units ; Results Error Estimate MDA 1‘ Known f %R i Flag Flag Flag Flag
- T | ' j ] !
,ﬁi 01 U-238 ' Lcs LCS ©  pCilg | 7.61E+00| 1.03E+00; 7.25E-02 7.85E+00| 96.85 OK OK |
[N ‘,_ e , . : ; — ‘ ______ 1\ P ! et e o
02 U-238 ' MBL BLANK pCilg | 9.50E-02] 7.30E-02 5.80E-02| ! oK OK
~ ! - ? i -
03 U-238 DUP BMAC0004 ! pCilg 5.48E-01| 1.70E-01] 5.74E-02 OK OK
04 U-238 DO BMAC0004 - pCilg 5.87E-01| 1.87E-01| 6.42E-02 OK
t O ! ! :
Q N 05 U-238 i TRG BMAC0008 i pCilg 4.18E-01) 1.36E-01] 5.71E-02 OK
"2 L]
[
S
3 -
< 2D
- | .
5 | |
9 ]
6 - } _
5
s |
n
]
3 -
O i
3 ‘
Q ~
c
i

Boston Chemical Data Corp.




Eberline Services Work Order

Client

Boston Chemical Data Corp.

Eberline Services Preliminary Data Report & Analytical Calculations Printed: 6/6/2014 8:06 AM
Oak Ridge Laboratory Page 2 of 3
Work Order: 14-05116-UUISO-1
Lab i . Sample Sample Sample Radiometric Grav Mean Sep t0 w Sep t1
Fraction | Nuclide Desc Date Aliquot % Rec % Rec % Rec SAF Date/Time 1 Date/Time
01 U-238 LCS 05/28/14 00:00 . 1.00E+00 109.65 0.00 0.00
________ - - - i
‘ ?
- 02 | U-238 MBL 05/28/14 00:00 1.00E+00 109.98 0.00 0.00 |
03 U-238 DUP 05/27/14 00:00 1.06E+00 123.74 0.00 0.00
] 04 u-238 Do 05/27/14 00:00 1.06E+00 104.57 0.00 0.00
3 O
S 05 U-238 TRG 05/27/14 00:00 1.09E+00 137.43 0.00 0.00
'g —
£
3 -
< :
-
-




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 6/6/2014 8:06 AM

Oak Ridge Laboratory Work Order: 14-05116-UUISO-1 Fage 3of3

: . ] : | | : :
Lab . Sample Counting | Halflife ; ! . Count : Bkg : :
Fraction Nuclide | Desc Date/Time | (days) | Detect | Camier | Time Counts | com j Eff
: : : i | :
01 u-238 LCS 06/05/14 09:01 | A_Spec  Alpha_045 170(5.91 E+02 |4.00 E-03 18.7
; |
| 02 ' U-238 MBL 06/05/14 09:01 | A_Spec §A|pha_04s 170/6.83 E+00 11.00 E-03 17.3
g ,‘ b e | i ;
X : . ; { f
‘ 03 U-238 i DUP 06/05/14 09:01 A_Spec |Alpha_047 170/4.57 E+01 |200E-03 .  16.9
04 U-238 . Do 06/05/14 09:01 i A_Spec |Alpha_048 170/4.37 E+01 2,00 E-03 | 17.8
L] i '
T :
S 05 U-238 ! TRG 06/05/14 11:54 A_Spec |Alpha_003| 170.02{4.13 E+01 {4.00 E-03 17.4
@ ;
© H
< .‘
< |

l Eberline Services Work Order

T
'

Client

Boston Chemical Data Corp.

Souk



Eberline Services Work Order

Client

Boston Chemical Data Corp.

Eberline Services Preliminary Data Report & Analytical Calculations Printed: 6/6/2014 8:06 AM
Oak Ridge Laboratory . Page 1 of 3
Work Order: 14-05116-UUISO-1
Lab ! . Sample Client Activity | . | LCS LCS LCS RPD | MDA Blank
Fraction Nuclide Desc Identification Units Results Error Estimate MDA ! Known %R Flag ’ Flag “ Flag Flag
i | | !
01 | U-235 Lcs LCS pCilg 7.44E-01] 2.29E-01| 7.62E-02| i OK
. 02 U-235 MBL BLANK pCilg 8.61E-02| 8.33E-02] 1.03E-01! OK OK
g v - |
03 u-235 DUP BMAC0004 pCiig -5.05E-03| 3.00E-02] 7.11E-02; OK | OK
O 04 U-235 DO BMAC0004 pCilg 0.00E+00| 4.61E-02] 9.98E-02 ' OK
3] .
v
] (7)) 05 U-235 TRG BMAC0008 pCilg 5.63E-02| 5.57E-02| 6.58E-02 ' OK
"2 ——— )
12
g
3 -
< 2
-
-

5308




I ...
Eberline Services Preliminary Data Report & Analytical Calculations Printed: 6/6/2014 8:06 AM

Pk Ridge Laboratory Work Order: 14-05116-UUISO-1 Page 2 of3

-&} La!? :’ Nuclide Sample Sample - Sa.mple ‘i Ra?iometric x nGrav é oMean ’ SAF f Sep !0 { Sep f1
@ Fraction | Desc Date Aliquot | % Rec ' % Rec ! % Rec ! i Date/Time i Date/Time
) r ! I : [ 1 ‘
(P 01 | U-235 ! Lcs 05/28/14 00:00 1.00E+00] 109.65; o.oo‘; 0.00: |
S | CROURR S S ; R [ B S
i : ¢ I . ! : i
c ] 02 | U-235 MBL 05/28/14 00:00 1.00E+00 109.98; 0.00 0.00!
; 03 | U-235 DUP 05/27/14 00:00 1.06E+00 123.74, 0.00 0.00 ;
S I i — e ;
04 u-235 DO 05/27/14 00:00 1.06 E+00 104.57; 0.00 0.00! ;
g O} '
S 05 U-235 TRG 05/27/14 00:00 1.09E+00 137.43i 0.00 0.00] |
7 j
£
3 - |
< S|
S - '
3
b3 - |
73 i
8 :
s -
©n
-] N
kS
& |

Client

Boston Chemical Data Corp.




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 6/6/2014 8:06 AM

Ok Ridge Laboratory | Work Order: 14-05116-UUISO-1 Page 3 of 3

! ] T T T
Lab | . | Sample . Counting Haliflife . | Count Bkg
Fraction | Nuclide | Desc Date/Time (days) Detect Carrier | fime . Counts cPm Eff
01 | U-235 I Les 06/05/14 09:01 | A_Spec |Alpha_045 170i4.67 E+01  12.00 E-03 18.7
i — I - — ‘ - [V . - g | . R i
. 02 U-235 mBL 06/05/14 09:01 A_Spec |Alpha_046 170:5.00 E+00 /0.00 E+00 17.3
g TIr - :
03 U-235 ! pup 06/05/14 09:01 . ! A_Spec |Alpha_047|  170/-3.40 E-01 [2.00 E-03 16.9
' | : ' |
T |
04 U-235 DO 06/05/14 09:01 A_Spec |Alpha_048 170{1.00 E+00 |0.00 E+00 17.8
2 O\
S, ) 05 U-235 TRG 06/05/14 11:54 A_Spec |Alpha_003| 170.02/4.49 E+00 |3.00 E-03 17.4
'Q ——
w
S
3 =
| 2

Eberline Services Work Order

Client

Boston Chemical Data Corp.




Count Room Report

14-05116-UUISO-1 (pCil/g) in SO

Printed: 6/5/2014 5:54 AM

Client: Boston Chemical Data Corp Tracer ID: U-10a Fage ot
Internal ‘ Sample ‘ Client Sample Sample Tracer Tracer Radiometric Radiometric SAF \ SAF
fmcﬁon Desc D Date Aliquot Aliquot (g) ACT (dpm) Tracer (pCi) % Rec 1* ! 2*
%/ 01 LCS LCS 05/28/14 00:00 1.0000 0.6059 11.4473 0.00
- 02 MBL BLANK 65/28/ 14 00:00 1.0000 Ma‘6031 11.3944 0.00 -
Wi/ 03 DUP BMACO0004 05/27/14 00:00 1.0560 0.6022 11.3774 0.00
/lﬁé 04 DO BMACO0004 05/27/14 00:00 1.0560 0:6026 11.3849 0.00 7
| 4 05 ‘;RG BMACO0008 05/27/14 00:00 1.0940 0.6014 11.3623 «‘ 0.00 -

nlm;a
Pt




Eberline Services A Page 1 of 1
Oak Ridge Laboratory splke and Tracer Worksheet Printed: 5/30/2014 8:58 AM
Internal Work Order Run Analysis Code Date Technician Technician Initials Witness Initials
UuISO 5/30/2014 8:58 JWOLFE WA
&
LCS & Matrix Spikes MSD LC MS . LCSD MSD
S s —
Isofope Sol # ! Activity Solution Approx Volume Known Error Added Error Known Error Added | Error
P dpm/g Date Addition Used (g) pCi Estimate pCi Estimate pCi Estimate pCi Estimate
U-234 U-8a 35.240| 5/30/2014 0.500 % 8.06 0.290 0.00 0.000 0.00 0.000, 0.00 0.000]
U-238 U-8a 34.350] 5/30/2014 0.500 7.85 0.283 0.00 0.000 0.00 0.000 0.00 0.000
; |
TC-O0MS Tc-Z2a 22043688 101167120713 0.7
Tracers ‘ Balance Printer Tapes ‘ . ﬂ
. Activity Solution Volume Approx
fraction Isotope Sol # dom/g Date Used (g) Addition Tracer LCS :
01 U-232 U-10a 18.893| 5/30/2014 0.6059 0.6400
02 U-232 U-10a 18.893| 5/30/2014 0.6031 0.6400
03 U-232 U-10a 18.893| 5/30/2014 0.6022 0.6400
04 U-232 U-10a 18.893| 5/30/2014 0.6026 0.6400
05 uU-232 U-10a 18.893| 5/30/2014 0.6014 0.6400
Matrix Spike
Version 2.0 08/99

£ELED




Printed: 5/30/2014 9:05 AM

Eberline Analytical .
Oak IIRr;ggenfab?raatory AIIqUOt WorkSheet Page 1 of 1

Work Order Analysis Code Rpt Units Lab Deadline Technician
14-05116 | uuIso grams 6/18/2014 JWOLFE
Lab |Boston Chemical Data Corp.| sampie | Muffle Data + Dilution Data Aliquot Data MS Aliquot Data H-3 Solids Only
Fraction Ratio Water Added H3 Dist
Client ID Type Post/Pre ___!d_o of Dils Dil Factor Aliquot Net Equiv Aliquot Net Equiv (mi) Aliq
01 LCS LCS o 1.0000E+00]" - 1.0000E+00
02 BLANK MBL . . 1.0000E+00}]  1.0000E+00
03 BMAC0004 DUP 1 18.94 5.28E-02| 2.0000E+01]" 1.0560E+00 )
04 BMAC0004 DO 1 18.94 5.28E-02| 2.0000E+01 1.0560E+001
| 05 BMAC0008 TRG | 1 18.28 5.47E02| 2.0000E+01 1.094OE+0(4

Comments

Technician: 2 a Date: _ &/ &H

FLABE




Eberline Analytical Printed: 5/30/2014 9:05 AM
Oak Ridge Laboratory Page 1 of 1

Internal Work Order 14- O 5 1 1 6
Fraction > 03 <

EBERLINE

SERVICES

Analysis Code UUISoO
Dilution Worksheet Run Number 1
Analyst JWOLFE
Dilution Amount . Diluted . .
Number Taken Units To Units Ratio
1 ltook | 5.28 mi | Tom the original sample 100 ml 0.0528
from the 1st dilution
2 I took ml and diluted it to mi
from the 2nd dilution
3 I took ml and diluted it to mi
from the 3rd dilution
4 I took ml and diluted it to ml
from the 4th dilution
5 I took ml and diluted it to ml
Dilutions 1 Dilution Ratio 0.0528
Taken ey as
Dilution Factor 18.93939394

Diluted by: c ; b Date: _| SB il‘-’[




SLEE

Eberline Analytical Printed: 5/30/2014 9:05 AM
Oak Ridge Laboratory Page 1 of 1

Internal Work Order 1 4- O 5 1 1 6
Fraction > 04 <

EBERLINE

SERVICES

Analysis Code UuIso
Dilution Worksheet Run Number 1
Analyst JWOLFE
Dilution Amount . Diluted . .
Number Taken Units To Units Ratio
1 ltook| 5.28 | i | from the original sample 100 ml 0.0528
from the 1st ditution
2 I took ml and diluted it to ml
from the 2nd dilution
3 I took ml and diluted it to mi
from the 3rd dilution
4 I took ml and diluted it to ml
from the 4th dilution
5 I took ml and diluted it to mi
ey, as iluti i .052
Dilutions 1 Dilution Ratio 0.0528
Taken ey as
Dilution Factor 18.93939394

Diluted by: | ;\(_b Date: m_/—————




s B 85

Eberline Analytical
Oak Ridge Laboratory

Printed: 5/30/2014 9:05 AM
Page 1 of 1

EBERLINE

SERVICES

Internal Work Order

14-05116

Fraction > 05 <
Analysis Code UUISO
Dilution Worksheet Run Number 1
Analyst JWOLFE
Dilution Amount . Diluted . .
Number Taken Units To Units Ratio
1 ltook | 5.47 mil | [om the original sample 100 ml 0.0547
from the 1st dilution
2 I took ml and diluted it to il
from the 2nd dilution
3 I took mi and diluted it to l
from the 3rd dilution
4 T took ml and diluted it to ml
from the 4th dilution
5 I took ml and diluted it to ml
Dilutions 1 Dilution Ratio 0.0547
Taken .
Dilution Factor 18.28153565
Diluted by: DA Date: 6!.7_1\} l"‘/‘



Eberline Services - Oak Ridge
Version 2.0 8/1999

Technician:

Printed: 5/28/2014 1:27 PM
Muffle Worksheet Page 1 of 1
Work Order Aliquot Units Lab Deadline 3 Technicianr -
grams 6/18/2014 KSALLINGS
Eberline | Boston Chemical Data Corp. Tare Muffle Data Muffle Calculations
Crucible Pre ‘ Post Pre Net Post-Net |  Ratio
Fraction Client ID Wt Wt/Vol Wt/Vol o WtiVol Wit/Vol Post/Pre
04 BMACO0004 104.6100 109.8900 | 5.2800
05 BMAC0008 99.4000 104.8700 Lv 5.4700
I i‘
1
Comments
Koy Seeq Date: _ S~ /28 /Y Analysis: UUISO




P/

Sample Description:
Spectrum File:
Batch Identification:

Apex-

Alpha”

SPIKE
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000898
1405116A-UU

Sample Identification: 01

Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 045
Chamber Serial Number: 04026482A
Detector Serial Number: 91131

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

System Bkgd 88299
<not performeds

1.000E+000 +/- 0.000E+000 gram
6/5/2014 7:36:17 AM
6/5/2014 9:01:35 AM

170.0 minutes

170.0 minutes

U232 _UU-10A

Tracer Quantity: 0.606 mL
Effective Efficiency: 0.2055 +/- 0.0113
Counting Efficiency: 0.1875 +/- 0.0033 on 1/11/2014 6:28:38 PM
Chem. Recovery Factor: 1.0965 +/- 0.0635
Control Certificate Name: NatU U-8A
Chem. Recov. of Control: U-238 0.944138 +/- 0.070921
Peak Match Tolerance: 0.150 MeVv

————— PEAK AREA REPORT -——---

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
U-232 T 5.280 397.49 9.84 0.51 0.00E+000 38.3
U-234 4.733 547 .15 8.39 0.85 0.00E+000 68.4
U-235 4.411 46.66 28.82 0.34 0.00E+000 4.5
U-238 4.153 591.32 8.07 0.68 0.00E+000 5.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -—---
Id Energy Activity MDA

Nuclide Conf (keV) (pCi/gram ) (pCi/gram )
U-232 0.996 5302.50%* 5.13E+000 +/- 5.56E-001 6.78E-002 +/- 7.34E-003
U-234 0.994 4761.50%* 7.07E+000 +/- 9.68E-001 7.73E-002 +/- 8.37E-003
U-235 0.995 4385.50* 7.44E-001 +/- 2.29E-001 7.62E-002 +/- 8.25E-003
U-238 0.993 4184 .40* 7.61E+000 +/- 1.03E+000 7.25E-002 +/- 7.85E-003

"
ofefrY
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Counts

B2E8

0000089834 .CNF
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55
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35

25+

20

151

10

rritrrr1rrr+rrry+rrrroerryrrerrerrerrrerrrrrrerrer ettt T T T E T T T T T T T T T

Live Time :10200.000 sec

Real Time :10200.100 sec

start:  1:3459.4(kev)

Stop : 1024:6506.6(kev)

Acg. Start :Thu Jun 05 09:01:35 2014

!
5000
Energy(kev)

ROI Type: 1 ROI Type: 3




Channel Data Report

Channel |
1:
9:

17:

25:

33:

41:

49:

57:

65:

73:

81:

89:

97:
105:
113:
121:
129:
137:
145:
153:
161:
169:
177:
185:
193:
201:
209:
217:
225:
233
241:
249:;
257
265:
273
281:
289:
297:
305:
313:
321:
329:
337:
345;
353:
361:

6/5/2014

3:00:16 PM

Page
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REPORT
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Sample Title:

01

Elapsed Live time:
Elapsed Real Time:
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_pex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

Alpha” {2

BLANK
\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00000898
1405116A-UU

02

Shelf 2

U iso

Alpha_ 046
04026482B

58762

System Bkgd 88300
<not performeds

1.000E+000 +/- 0.000E+000 gram
6/5/2014 7:36:17 AM
6/5/2014 9:01:37 AM

170.0 minutes

170.0 minutes

U232 _UU-10A

Tracer Quantity: 0.603 mL
Effective Efficiency: 0.1901 +/- 0.0109
Counting Efficiency: 0.1729 +/- 0.0030 on 4/12/2014 1:44:32 PM
Chem. Recovery Factor: 1.0998 +/- 0.0658
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT ——-=-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.294 366.00 10.26 0.00 0.00E+000 10.6
U-234 4.690 4.83 91.00 0.17 0.00E+000 3.0
U-235 4,403 5.00 96.02 0.00 0.00E+000 3.0
U-238 4.132 6.83 76.08 0.17 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency
----- NUCLIDE ANALYSIS RESULTS -—---
id Energy Activity MDA

Nuclide Conf (keV) (pCi/gram ) (pCi/gram )
U-232 0.999 5302.50%* 5.11E+000 +/- 5.73E-001 8.37E-002 +/- 9.38E-003
U-234 0.964 4761.50%* 6.74E-002 +/- 6.18E-002 5.83E-002 +/- 6.53E-003
U-235 0.998 4385.50%* 8.61E-002 +/- 8.33E-002 1.03E-001 +/- 1.16E-002
U-238 0.981 4184 .40%* 9.50E-002 +/- 7.30E-002 5.80E-002 +/- 6.50E-003
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__Npex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

Alpha”

BMACQ004 -DUP
\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00000898
1405116A-U0

03

Shelf 2

U iso

Alpha_047
02030596A

91086

System Bkgd 88301
<not performeds

1.056E+000 +/-

5/27/2014 7:36:17 AM

6/5/2014 9:01:32 AM
170.0 minutes
170.0 minutes

0.000E+000 gram

U232_UU-10A

Tracer Quantity: 0.602 mL
Effective Efficiency: 0.2086 +/- 0.0115
Counting Efficiency: 0.1686 +/- 0.0030 on 1/11/2014 6:28:51 PM
Chem. Recovery Factor: 1.2374 +/- 0.071%
Peak Match Tolerance: 0.150 MeVv

----- PEAK AREA REPORT -

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.257 401.00 9.80 0.00 0.0CE+000 26.0
U-234 4,712 38.00 32.21 0.00 0.00E+000 5.9
U-235 4.397 -0.34 592.90 0.34 0.00E+000 0.0
U-238 4.128 45.66 29.13 0.34 0.00E+000 2.9

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ——---
Id Energy Activity MDA

Nuclide  Conf (keV) (pCi/gram ) (pCi/gram )
U-232 0.986 5302.50%* 4.83E+000 +/- 5.21E-001 7.23E-002 +/- 7.80E-003
U-234 0.983 4761.50%* 4.58E-001 +/- 1.56E-001 7.23E-002 +/- 7.80E-003
U-235 0.999 4385.50* -5.05E-003 +/- 3.00E-002 7.11E-002 +/- 7.67E-003
U-238 0.978 4184.40%* 5.48E-001 +/- 1.70E-001 5.74E-002 +/- 6.19E-003
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Alpha o

Sample Description: BMAC0004
Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00000898
Batch Identification: 1405116A-UU
Sample Identification: 04
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha_048
Chamber Serial Number: 02030596B
Detector Serial Number: 83111
Env. Background: System Bkgd 88302
Reagent Blank: <not performeds>
Sample Size: 1.056E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/27/2014 7:36:17 AM
Acquisition Date/Time: 6/5/2014 9:01:34 AM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.603 mL
Effective Efficiency: 0.1863 +/- 0.0107
Counting Efficiency: 0.1782 +/- 0.0031 on 1/12/2014 10:51:38 AM
Chem. Recovery Factor: 1.0457 +/- 0.0630
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT ———--

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.272 358.32 10.37 0.68 0.00E+000 12.5
U-234 4.724 38.32 31.99 0.68 0.00E+000 3.4
U-235 4.400 0.00 1960.0 0.00 0.00E+000 0.0
U-238 4.148 43.66 29.80 0.34 0.00E+000 2.9

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -----
Id Energy Activity MDA

Nuclide Conf (keV) (pCi/gram ) (pCi/gram )
U-232 0.99%4 5302.50%* 4.84E+000 +/- 5.47E-001 7.61E-002 +/- 8.61E-003
U-234 0.990 4761.50%* 5.17E-001 +/- 1.75E-001 7.61E-002 +/- 8.61E-003
U-235 0.999 4385.50%* 0.00E+000 +/- 4.61E-002 9.98E-002 +/- 1.13E-002
U-238 0.991 4184 .40* 5.87E-001 +/- 1.87E-001 6.42E-002 +/- 7.26E-003
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_Spex-Alpha”

Sample Description: BMAC0008

Spectrum File: \\OR-ALPHA1l\Canberra\BpexAlpha\Root\Data\00000898
Batch Identification: 1405116A-UU

Sample Identification: 05

Sample Geometxry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha_003

Chamber Serial Number:
Detector Serial Number: 3

Env. Background: System Bkgd 88275

Reagent Blank: <not performeds

Sample Size: 1.094E+000 +/- 0.000E+000 gram
Sample Date/Time: 5/27/2014 7:36:17 AM
Acquisition Date/Time: 6/5/2014 11:54:38 AM
Acguisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: U232 _UU-10A

Tracer Quantity: 0.601 mL

Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

.2387 +/- 0.0124

O O

.3743 +/- 0.0756
Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keVv)
U-232 T 5.284 458.15 9.17 0.85 0.00E+000 20.8
U-234 4.736 31.15 35.67 0.85 0.00E+000 3.0
U-235 4.345 4.49 98.45 0.51 0.00E+000 3.0
U-238 4.155 41.32 30.78 0.68 0.00E+000 3.7

Id Energy Activity MDA
Nuclide  Conf. (keV) (pCi/gram ) (pCi/gram
U-232 0.997 5302.50%* 4.66E+000 +/- 4.76E-001 6.09E-002 +/- 6
U-234 0.995 4761.50% 3.17E-001 +/- 1.18E-001 6.09E-002 +/- 6
U-235 0.989 4385.50%* 5.63E-002 +/- 5.57E-002 6.58E-002 +/- 6
U-238 0.994 4184.40%* 4.,18E-001 +/- 1.36E-001 5.71E-002 +/- 5

fﬁw

.1737 +/- 0.0031 on 1/11/2014 12:12:56 PM

.22E-003
.22E-003
.72E-003
.83E-003
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Page 1 of 2

_ZNpex-Alpha

QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :6/5/2014
Time : 5:36:47 AM

6/5/2014 5:36:47 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 001 21f ‘ ALL Not Done
Alpha 002 21f ALL Not Done
Alpha 003 21f ALL Passed 6/5/2014 5:22:29 AM
Alpha 004 21f ALL Passed 6/5/2014 5:22:30 AM
Alpha 005 21f ALL Not Done
Alpha 006 21f ALL Not Done
Alpha 007 21f ALL Not Done
Alpha 008 21f ALL Not Done
Alpha 009 21f ALL Not Done
Alpha 010 21f ALL Passed 6/5/2014 5:22:31 AM
Alpha 011 21f ALL Passed 6/5/2014 5:22:32 AM
Alpha 012 21f ALL Passed 6/5/2014 5:22:32 AM
Alpha 013 21f ALL Passed 6/4/2014 5:16:27 AM
Alpha 014 21f ALL Passed 6/5/2014 5:22:34 AM
Alpha 015 21f Peak FWHM Action 6/5/2014 5:22:35 AM
Alpha 016 21f ALL Not Done
Alpha 017 AIM730 ALL Not Done
Alpha 018 AIM730 ALL Not Done
Alpha 019 AIM730 ALL Not Done
Alpha 020 AIM730 ALL Not Done
Alpha 021 AIM730 ALL Not Done
Alpha 022 AIM730 ALL Not Done
Alpha 023 AIM730 ALL Not Done
Alpha 024 AIM730 ALL Passed 6/5/2014 5:22:36 AM
Alpha 025 AIM730 ALL Passed 6/5/2014 5:22:37 AM
Alpha 026 AIM730 ALL Not Done
Alpha 027 AIM730 ALL Not Done
Alpha 028 AIM730 ALL Not Done
Alpha 029 AIM730 ALL Passed 6/5/2014 5:22:37 AM
Alpha 030 AIM730 ALL Not Done
Alpha 031 AIM730 ALL Passed 6/5/2014 5:22:38 AM
Alpha 032 AIM730 ALL Not Done
Alpha 033 Alpha Analyst100DC ALL Passed 6/5/2014 5:22:39 AM
Alpha 034 Alpha Analyst100DC ALL Passed 6/5/2014 5:22:41 AM
Alpha 035 Alpha Analyst100DC ALL Passed 6/5/2014 5:22:42 AM
Alpha 036 Alpha Analyst100DC ALL A" Passed 6/4/2014 5:16:38 AM
Alpha 037 Alpha Analyst100DC ALL M Passed 6/5/2014 5:22:43 AM
Alpha 038 Alpha Analyst100DC Peak Energy s Action 6/5/2014 5:22:45 AM
Alpha 039 Alpha Analyst100DC ALL Passed 6/5/2014 5:22:47 AM
Alpha 040 Alpha Analyst100DC ALL Passed 6/5/2014 5:22:48 AM
Alpha 041 Alpha Analyst100DC ALL Passed 6/5/2014 5:22:50 AM
Alpha 042 Alpha Analyst100DC ALL Passed 6/5/2014 5:22:51 AM
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Page 2 of 2 Review of QA Resuits - Pulser Check
6/5/2014 5:36:47 AM
CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 043 Alpha Analyst100DC Peak CPS Action 6/5/2014 5:22:53 AM
Alpha 044 Alpha Analyst100DC ALL Passed 6/5/2014 5:22:54 AM
Alpha 045 Alpha Analyst100DC ALL Passed 6/5/2014 5:22:56 AM
Alpha 046 Alpha Analyst100DC ALL Passed 6/5/2014 5:22:57 AM
Alpha 047 Alpha Analyst100DC ALL Passed 6/5/2014 5:22:59 AM
Alpha 048 Alpha Analyst100DC ALL Passed 6/5/2014 5:23:00 AM
APPROVED BY: ——
APPROVALDATE: __ L( /0%




Library Listing Report 6/12/12 12:17:04 PM Page 1

***************‘k*********************************************************

Fkkxk LIBRARY LISTING REPORT khkkk
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Nuclide Library Title: Uranium

Nuclide Library Description: U-232,-234,-235,-238

Nuclide Half-Life Energy Energy Yield Yield

Name (Seconds) (keVv ) Uncert. (kev ) (%) Uncert. (Abs.+-)
U-232 2.174E+009 5302.500%* 0.000 99.8000 0.0000
U-234 7.731E+012 4761.500%* 0.000 99.8000 0.0000
U-235 2.221E+016 4385.500%* 0.000 80.9000 0.0000
U-238 1.410E+017 4184 .400%* 0.000 100.2300 0.0000

= key line

TOTALS: 4 Nuclides 4 Energy Lines



SECTION IX

ANALYTICAL DATA (ISOTOPIC THORIUM)
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ChoteServces 14-05116 o 201 54 a0
Analysis Sheet ThISO
Run 1
Work Order 4-05116 Fracton | Dese. “b" o “pete. Riguor
Analysis Code ThiSO 01 LCS LCS 05/28/14 00:00 1.0000E+00
o Run 02 MBL BLANK 05/28/14 00:00 71 .0000E+00
Date Received 5/28/2014 03 DUP o BMACO0004 | 59 05/27/14 00:00 1.0660E+00
Lab Deadline 6/18/2014 |l oa Do BMAC0004 59 0527/1400:00  1.0560E+00
Client | Boston Chemical Data Co;r:.i 05 TRG BMACO0008 ” 49 05/27/14 00:66 T 10940:5;:06
Project ENV ]
Report Level 4 :
Activity Units pCi
Aliquot Units g *
o Matrix SO 7 |
Method EML Th-01 Modified
Instrument Type Alpha Spectroscopy
‘;:d;m;trlwc ATracer Th-éZS N | e |
Radiometric Sol# Th-18a |
TracerAct@pmi) | 22465 7
Carrier i

Carrier Conc (mg/ml)

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




Eberline Services 14-05116 Printed: 6/5/2014 5:54 AM |

Oak Ridge Laboratory Page 2 of 3 |
Analysis Sheet ThiSO |
Run 1
Internal | Sample Tracer Tracer Total Radiometric | Radiometric | Grav Carrier  Grav Filter Grav Filter Grav Filter Grav Mean SAF : SAF
Fraction Desc | Aliquot(g) ACT (dpm) Tracer (pCi) % Rec Added (ml) \ Tare (g) Final (g) Net (g) ' % Rec % Rec | 17* ‘ 2*
: | ;
01 LCS 0.4688 10.5 0.00
02 MBL @ 0.2342 53 0.00
03 | DUP = 02346 5.3 0.00 '
04 DO 0.2340 53 0.00
05 TRG 0.2340 53 0.00
| ; |
‘;ﬂ:; * SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.  ** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.

LE



Eberline Services 14-05116

Printed:

6/5/2014 5:54 AM

Oak Ridge Laboratory Page 3 of 3
Analysis Sheet ThiSO
Run 1
Internal Sample Rough Prep Rough Prep Prep Prep Sep t0 Sep t0 Sep t1 Sep t1
Fraction Desc Date By Date By Date/Time By Date/Time By
01 LCS 05/30/14 08:58 JWOLFE
02 MBL 05/30/14 08:58 JWOLFE
03 DUP 05/30/14 08:58 JWOLFE
04 DO 05/30/14 08:58 JWOLFE

05 TRG 05/30/14 08:58 JWOLFE

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.  ** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 6/6/2014 8:53 AM

Eberline Services Work Order

Client

Boston Chemical Data Corp.

Oak Ridge Laboratory Work Order: 14-05116-ThISO-1 Page 1 0f3
Lab i . Sample Client Activity . I LCS LCS LCs l RPD MDA Blank
Fraction : Nuclide Desc Identification Units Results Error Estimate MDA ; Known %R Flag ‘ Flag Flag Flag
01 | TH-228 LCS LCS pCilg 4.66E+00 7.84E-01| 1.03E01/ 4.97E+00| 93.79 OK ! OK
U ; R - -
. 02 TH-228 MBL BLANK pCilg -2.89E-03| 3.28E-02| 1.00E-01 OK OK
g v
03 TH-228 DUP BMAC0004 pCilg 4 60E-01 1.82E-01 8.85E-02 OK OK
04 TH-228 DO BMAC0004 pCilg 5.35E-01| 1.87E-01] 9.16E-02 OK
i O v
0 N 05 TH-228 TRG BMAC0008 pCilg 4.42E-01| 1.61E-01] 7.54E-02 OK
3 £
< =
- ;
!
-




Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 6/6/2014 8:53 AM

Oak Ridge Laboratory Work Order: 14-05116-ThiSO-1 Fage 2 of 3
Lab R Sample San;ple Sample ; Radiometric Grav Mean Sep t0 Sep t1
Fraction Nuclide Desc Date Aliquot h % Rec % Rec % Rec SAF Date/Time Date/Time
01 TH-228 LCS 05/28/14 00:00 1.oos+oo;’ 100.05 0.00 0.00
—— | i -
02 TH-228 MBL. 05/28/14 00:00 1.00E+00 92.58 0.00! 0.00
03 TH-228 DUP 05/27/14 00:00 1.06E+00 123.00 0.00 0.00
04 TH-228 DO 05/27/14 00:00 1.06E+00 112.42 0.00 0.00
i O
) 75 05 TH-228 TRG 05/27/14 00:00 1.09E+00 112.03 0.00 0.00
3 L
< |"'
3
T
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=
o
=
]
g
E -
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£
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el
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Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 14-05116-ThiSO-1

Printed: 6/6/2014 8:53 AM

Count !

Eberline Services Work Order

Client

Boston Chemical Data Corp.

Lab . E Sample Counting Halflife . i H Bkg
Fraction Nuclide | Desc Date/Time (days} Detect Carrier } Time ' Counts CPM Eff
01 TH-228 | Lcs 06/05/14 11:56 A_Spec |Alpha_025! 170{3.11 E+02 |8.00 E-03 17.7
i 1 i
. 02 TH-228 | mMBL 06/05/14 11:56 A_Spec |Alpha_029) 170i-1.90 E-01 |7.00 E-03 18.8
é F [
03 TH-228 ~ DUP 06/05/14 11:56 A_Spec Alpha_031 170/3.12 E+01 |5.00 E-03 13.9
04 TH-228 DO 06/05/14 11:56 A_Spec |Alpha_033 170{4.15 E+01 |9.00 E-03 17.5
@
g O
Q %) 05 TH-228 TRG 06/05/14 11:56 A_Spec |Alpha_034 170/3.70 E+01 |6.00 E-03 18.2
3 L
< |—
L)
-

£1ie

Page 3 of 3




Eberline Services

Preliminary Data Report & Analytical Calculations

Printed:

6/6/2014 8:53 AM

Eberline Services Work Order

Client

Boston Chemical Data Corp.

Oak Ridge Laboratory Work Order: 14-05116-ThiSO-1 Page 10f 3
r i |
4 Lab . ! Sample Client Activity i . LCS i LCS | LCS RPD MDA Blank
Fraction Nuclide | Desc Identification Units Results  Eror Estimate] MDA Known | %R | Flag Flag Flag Flag
!ﬁ) 01 TH-230 ©LCS LCS pCiig 5.59E+00. 9.05E-01/ 8.99E-02| S5.48E+00' 102.02 | OK OK
02 TH-230 { MBL BLANK pCilg 1.68E-01§ 1.07E-01! 9.15E-02 OK OK
§ : k -
} 03 TH-230 ! puP BMACO0004 pCiig 5.32E-01; 1.99E-01| 1.08E-01 OK OK
04 TH-230 DO BMAC0004 pCilg 6.63E-o1§ 2.10E-01; 5.34E-02 ; OK
: O
S, 05 TH-230 | TRG BMAC0008 pCilg 6.39E-01] 1.98E-01| 4.95E-02 OK
R ;
m — i
S
3 o=
| b
|
{
|
i i
—

riig




Client

Boston Chemical Data Corp.

Eberline Services Preliminary Data Report & Analytical Calculations Printed: 6/6/2014 8:53 AM
Oak Ridge Laboratory . Page 2 of 3
, Work Order: 14-05116-ThiSO-1 .
Lab : S | S | | S ] Radi tri G M Sep t0 Sep t1
al " ampile ample i ampie adiometric rav ean ep ep
Fraction i Nuclide Desc Date ; Aliquot % Rec % Rec % Rec SAF Date/Time Date/Time
: ) |
01 TH-230  LCS 05/28/14 00:00  : 1.00E+00 100.05 0.00 0.00:

. 02 TH-230 I MBL 05/28/14 00:00 | 1.ooE+ooi 92.68 0.00 0.00/.
g v | ; |

i 03 TH-230 DUP 05/27/1400:00 | 1.06E+00; 123.00 0.00 0.00 |

el e | :

04 TH-230 I DO 05/27/14 00:00 1.06E+00 112.42 0.00 0.00 {
2 O , = .
o i X
O | N 05 TH-230 TRG 05/27/14 00:00 1.09E+00 112.03 0.00 0.00 ;
2 | :
an | —— |
> I
3 l L f‘
< | h '

| ]
x
g
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Q
w
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Eberline Services

Oak Ridge Laboratory-

Preliminary Data Report & Analytical Calculations

Work Order: 14-05116-ThiSO-1

Printed: 6/6/2014 8:53 AM

Client

" " T T
Lab : . Sample Counting | Halflife . | Count ; Bkg
Fraction | Nuclide Desc Date/Time ; (days) Detect , Carrier I Time | Counts cPM Eff
. ‘ : T ‘
01 TH-230 LCS 06/05/14 11:56 A_Spec 'Alpha_025i 170|3.72 E+02 :5.00 E-03 17.7
o 02 | TH-230 MBL 06/05/14 11:56 A_Spec  Alpha_029 170{1.10 E+01 |0.00 E+00 18.8
é F j _.__.A.j: ]
03 i TH-230 DuUP 06/05/14 11:56 A_Spec ;Alpha_031 170/3.63 E+01 1.00 E-02 13.9
04 TH-230 DO 06/05/14 11:56 | A_Spec jAlpha_oss 170/5.18 E+01 |1.00 E-03 17.5
g O ‘ i |
Qo 7 05 TH-230 TRG 06/05/14 11:56 A_Spec ;Alpha_034 170|5.38 E+01 {1.00 E-03 18.2
é — i
< b= ;‘
S e
<]
S ®
-s 1
2 :
v
8
E -
Q
wn
Q N
£
H
i

RS O

Boston Chemical Data Corp.

Page 3 of 3




Eberline Services

Preliminary Data Report & Analytical Calculations

Printed:

6/6/2014 8:53 AM

Eberline Services Work Order

Client

Boston Chemical Data Corp.

Oak Ridge Laboratory Page 1 of 3
: Work Order: 14-05116-ThiSO-1
Lab ‘ . Sample Client Activity . i LCS : 1Cs : LCs RPD MDA Blank
Fraction Nuclide Desc Identification Units Results Error Estimate MDA i Known ‘ %R | Flag Flag Flag Flag
01 TH-232 LCS LCsS pCilg 5.05E+00; 8.33E-01 7.175-023‘ 4.97E+00; 101.57 | OK OK
! [ . ! [ESUUU . R .
- 02 | TH-232 | MBL BLANK pCilg 1.26E-02] 3.03E-02| 6.35E-02 OK OK
é F — J—
03 TH-232 DUP BMAC0004 pCilg 4.46E-01; 1.80E-01| 1.04E-01 OK OK
04 TH-232 DO BMAC0004 pCilg 3.81E-01; 1.50E-01] 5.33E-02 OK
g O
8 N 05 TH-232 TRG BMACO0008 pCilg 3.42E-01] 1.36E-01] 4.94E-02| OK
3 <
< -
L J
-

[t
[

.




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 6/6/2014 8:53 AM

Ok Ridge Laboratory Work Order: 14-05116-ThISO-1 Page 2 of3

<4 Lab : ! Sample Sample Sep t1

. . > Sample i Radiometric Grav Mean Sep t0 |
Fraction ]w Nuclide Desc Date I Aliquot % Rec % Rec % Rec \ SAF Date/Time ! Date/Time
H B H 1
01 | TH-232 LCS 05/28/14 00:00 © 1.00E+00: 100.05 0.00 0.00 ‘
I S ? | I i S
c 02 | TH-232 MBL 05/28/14 00:00 | 1.00E+00 92.58 0.00| - 0.00
g v - A
03 | TH-232 DUP 05/27/14 00:00 1.06E+00 123.00 0.00 0.00
04 TH-232 . Do 05/27/14 00:00 1.06E+00 112.42 0.00 0.00
: O
O w 05 TH-232 TRG 05/27/14 00:00 1.09E+00 112.03 0.00 0.00
k] ;
3 L
< I—
3
3 -
3
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£
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d
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Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 14-05116-ThiSO-1

Printed: 6/6/2014 8:53 AM

Client

Boston Chemical Data Corp.

- ' :
Lab ] | sampte Counting Halflife | count i Bkg
Fraction Nuclide | Desc Date/Time {days) Detect Carrier ' Jime Counts |  cem Erf
| 01 TH-232 Lcs 06/05/14 11:56- A_Spec |Alpha 025,  170/3.37 E+02 2.00 E-03 17.7
. 02 TH-232 | mBL 06/05/14 11:56 A_Spec |Alpha_029]  170{8.30 E-01 [1.00E-03 |  18.8
03: 1 o ' - ;
! 03 TH-232 DUP 06/05/14 11:56 A_Spec |Alpha_031]  170{3.05 E+01 |9.00 E-03 13.9
| 04 TH-232 DO 06/05/14 11:56 A_Spec |Alpha_033]  170|2.98 E+01 [1.00E-03 | 17.5
e |
S 05 TH-232 . TRG 06/05/14 11:56 A_Spec |Alpha_034|  170/2.88 E+01 [1.00 E-03 18.2
< | -
} i
3
3 )
=
8 \
w
2 - i
D
[72]
] N
£
H
&

L

e

Page 3 of 3




Printed: 6/5/2014 5:54 AM

Count Room Report 14-05116-ThiSO-1 (pCi/g) in SO

Client: Boston Chemical Data Corp Tracer ID: Th-18a pege foft
Internal ! Sample Client Sample { Sample Tracer Tracer Radiometric ‘ Radiometric SAF SAF
Fraction @  Desc D Date Aliquot Aliquot (g) ACT (dpm) Tracer (pCi) % Rec 17* 2*
/U/ 01 LCS LCS 05/28/14 00:00 1.0000 0.4688 10.5316 0.00
02 ~ MBL BLANK 05/28/14 00:00 1.0000 0.2342 5.2613 0.00
/) { 03 DUP BMACO0004 05/27/14 00:00 w1W.»(V)560 0.2346 5.2703 000
"/'YT-_GT' DO BMACO0004 05/27/14 00:00 1.0560 0.2340 5.2568 0.00
/)v/( 05 TRG BMACO0008 05/27/14 00:00 ’ 1.0940 0.2340 5.2568 _ f 70.00 ]
o

]
£




Eberline Services
Oak Ridge Laboratory

Spike and Tracer Worksheet

Page 1 of 1
Printed: 5/30/2014 8:58 AM

et @

Internal Work Order Run Analysis Code Date Technician Technician Initials Witness Initials
ThISO 5/30/2014 8:57 JWOLFE M )
LCS & Matrix Spikes T 1cS | ™S LCSD MSD LCS [ ms | LCSD 1 MSD T
o T
Isotope : Sol # Activity Solution Approx Volume Volume Volume Known Error Added Error Known Error Added Error
P dpm/g Date Addition Used (g) Used (g) Used (g) pCi Estimate pCi Estimate pCi Estimate pCi Estimate
Th-228 Th-8b 103.560; 5/30/2014 497 0.179 0.00 0.000 0.00 0.000 0.00 0.000
Th-230 Th-1b 23.525, 5/30/2014 5.48 0.148 0.00 0.000 0.00 0.000 0.00 0.000
Th-232 Th-8b 103.560] 5/30/2014 44971 0.179 0.00 0.000, 0.00 0.000 0.00 0.000,
1 C-99 VIS IC-2a 22043.b66  T0/16/2073 . _
o Tracers . Balance Printer Tapes !
. Activity Solution Volume Approx

fraction Isotope Sol # dpmig Date Used () Addition Tracer LCS

01 Th-229 Th-18a 22.465| 5/30/2014 _ 0.4p88 0.2200

02 Th-229 Th-18a 22.465| 5/30/2014; 0.2200

03 Th-229 Th-18a 22.465| 5/30/2014 0.2200

04 Th-229 Th-18a 22.465] 5/30/2014, 0.2200

05 Th-229 Th-18a 22.465| 5/30/2014 0.2340 0.2200

Matrix Spike
e &
Version 2.0 08/99




Eberline Analytical = Printed: 5/30/2014 9:05 AM
Oak Ridge Laboratory Allq UOt WOrkShEEt Page 1 of 1

Work Order Analysis Code Rpt Units tab Deadiine Technician
14-05116 ThiSO grams 6/18/2014 JWOLFE
Lab | Boston Chemical Data Corp.| sample Muffle Data Dilution Data ‘ Aliquot Data MS Aliquot Data H-3 Solids Only
Fraction Ratio Water Added H3 Dist
Client ID Type Post/Pre No of Dils - -Dil Factor Ratio Aliquot Net Equiv Aliquot . Net Equiv {ml) Aligq

01 LCS LCS 1.0000E+00] =~ 1.0000E+00

02 BLANK MBL 1.0000E+00| - 1.0000E+00

03 BMAC0004 : DUP : 18.94 5.28E-02{ 2.0000E+01}] 1.0560E+0Q0

04 BMAC0004 DO i 18.94 5.28E-02| 2.0000E+01} 1.0560E+00

05 BMAC0008 TRG 1 18.28 547E-02| 2.0000E+01} 1.0940E+00

1
!
| : —-l L :
Comments

ﬁ Technician: Date: / /
fud

Pud



Eberline Analytical
Oak Ridge Laboratory

Printed: 5/30/2014 9:04 AM

Internal Work Order

14-05116

EBERLINE

SERVICES

Fraction > 03 <
Analysis Code ThISO
Dilution Worksheet Run Number 1
Analyst JWOLFE
Dilution Amount . Diluted . .
Number Taken Units To Units Ratio
1 ltook | 5.28 ml | Tom ihe origial sample 100 mi 0.0528
from the 1st dilution
2 I took ml and diluted it to ml
from the 2nd dilution
3 I took ml and diluted it to mi
from the 3rd dilution
4 I took ml and diluted it to ml
from the 4th dilution
5 I took ml and diluted it to ml
Dilutions 1 Dilution Ratio 0.0528
Taken ey as
Dilution Factor 18.93939394

Diluted by: V , gb

i

Lol

e SR

Page 1 of 1




Eberline Analytical
Oak Ridge Laboratory

Printed: 5/30/2014 9:04 AM
Page 1 of 1

EBERLINE

SERVICES

Internal Work Order

14-05116

Fraction > 04 <
Analysis Code ThISO
Dilution Worksheet Run Number 1
Analyst JWOLFE
Dilution Amount . Diluted . .
Number Taken Units To Units Ratio

1 Itook | 5.28 mi | Trom the origial sample 100 mi 0.0528
from the 1st dilution

2 I took ml and diluted it to ml
from the 2nd dilution

3 I took ml and dituted it to mi
from the 3rd dilution

4 I took ml and diluted it to gl
from the 4th dilution

5 I took ml and diluted it to ml

aras iluti i 0.052
Dilutions 1 Dilution Ratio 0528
Taken or as
A Dilution Factor 18.93939394
Diluted by: ,;\(D Date: S?ﬂ l"'[




Eberline Analytical Printed: 5/30/2014 9:04 AM
Oak Ridge Laboratory Page 1 of 1

Internal Work Order 1 4- 0 5 1 1 6
Fraction > 05 <

EBERLINE

SERVICES

Analysis Code ThISO
Dilution Worksheet Run Number 1
Analyst JWOLFE
Dilution Amount . Diluted . .
Number Taken Units To Units Ratio
1 ltook | 5.47 m| | [rom the original sample 100 ml 0.0547
from the 1st dilution
2 I took ml and diluted it to ml
from the 2nd dilution
3 I took ml and diluted it to ml
from the 3rd dilution
4 I took ml and diluted it to mi
from the 4th dilution
5 I took ml and diluted it to ml
er as iluti i .054
Dilutions 1 Dilution Ratio 0.0547
Taken ey s
Dilution Factor 18.28153565

Diluted by: _ gm Date: S‘:{d’l‘-/'
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Eberline Services - Oak Ridge Printed: 5/28/2014 1:27 PM
Version 2.0 8/1999 Muffle Worksheet Page 1 of 1

Work Order Aliquot Units Lab Deadline 7 Technician
grams 6/18/2014 KSALLINGS
Eberline | Boston Chemical Data Corp. Tare Muffie Data Muffle Calculations
Crucible Pre ‘ Post Pre Net Post-Net ‘ Ratio
Fraction Client ID wt Wt/Vol Wt/Vol WtiVol Wt/Vol Post/Pre
04 BMAC0004 104.6100 109.8900 '
05 BMAC0008 99.4000 104.8700
e T I BT N - B T e T |
l—; “ g
Comments
Technician: ]444/\/4 Scta, Date: S /28 / Y Analysis: ThiISO



_SApex-Alpha”

ol

Sample Description: SPIKE
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000898
Batch Identification: 1405116A-TH
Sample Identification: 01
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha_025
Chamber Serial Number:
Detector Serial Number: 25
Env. Background: System Bkgd 88284
Reagent Blank: <not performeds>
Sample Size: 1.000E+000 +/- 0.000E+000 gram
Sample Date/Time: 6/5/2014 7:40:31 AM
Acquisition Date/Time: 6/5/2014 11:56:05 AM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Th229 TH-18A
Tracer Quantity: 0.469 mL
Effective Efficiency: 0.1768 +/- 0.0114
Counting Efficiency: 0.1767 +/- 0.0031 on 1/11/2014 3:20:19 PM
Chem. Recovery Factor: 1.0005 +/~ 0.0666
Control Certificate Name: NatTh Th-8
Chem. Recov. of Control: TH-232 1.015676 +/- 0.090848
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT ===

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.863 15.83 44,23 0.17 0.00E+000 3.1
TH-228 5.336 310.64 11.15 1.36 0.00E+000 6.6
TH-229 T 4.861 316.49 11.03 0.51 0.00E+000 6.8
TH-230 4.607 372.15 10.17 0.85 0.00E+000 15.4
TH-232 3.932 336.66 10.69 0.34 0.00E+000 13.5

T = Tracer Peak used for Effective Efficiency
----- NUCLIDE ANALYSIS RESULTS -—---
Id Energy Activity MDA

Nuclide Conf. (kev) (pCi/gram ) (pCi/gram )
TH-227 0.99% 5850.00%* 3.05E-001 +/- 1.40E-001 6.42E-002 +/- 8.08E-003
TH-228 0.979 5400.00%* 4 .66E+000 +/- 7.84E-001 1.03E-001 +/- 1.29E-002
TH-229 0.999 4872.00%* 4.77E+000 +/- 6.00E-001 7.90E-002 +/- 9.95E-003
TH-230 0.978 4672.00* 5.59E+000 +/- 9.05E-001 8.99E-002 +/- 1.13E-002
TH-232 0.978 3997.00%* 5.05E+000 +/- 8.33E-001 7.17E-002 +/- 9.02E-003
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Live Time :10200.000 sec
Real Time :10200.000 sec
start:  1:3403.0(kev)
stop : 1024:6623.3(kev)

Acg. Start :Thu Jun 05 11:56:05 2014
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